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INTRODUCTION. 


jS^ANY  of  the  firft  phyriologifts,  both  in 
Great  Britain,  and  other  countries,  have 
•  endeavoured  to  afcertain  the  manner,  in 
which  opium  a6ls  on  the  lixdng  animal  bo- 
[  dy  ;  and  to  their  affiduity  we  are  indebted 
t  for  a  vaft  number  of  experiments  on  this 
fubjefl. 

» 

But  the  inferences,  which  one  author 

i 

makes  from  his  obfervations, generally  con- 
'  tradidl  thofe  of  another  ;  and  the  perplexi- 

I' 

[  ty,  arifing  from  this  fource,  is  increafed, 
[  by  each  having  brought  forward  his 
''  A  ‘  ■  own 

t  • 
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own  experiments  and  conclufions,  with-- 
out  comparing  them  with  thofe,  which  had 
been  made  by  others. 


That  I  may  avoid  this  error,  I  lhall  in- 
troduce  the  following  paper,  with  a  con 
cife  view  of  the  date  of  our  knowledge, 
concerning  the  aflion  of  opium  on  li¬ 
ving  animals,  at  the  time  my  own  ex¬ 
periments  were  begun.  And,  not  to 
fwell  this  part  of  the  paper,  by  relating 
the  arguments  v/hich  each  writer  has  ufed, 
in  fupport  of  his  own  hypothefis,  or  againft 
thofe  of  others ;  or  by  giving  any  account 
of  experiments,  fmce  proved  inaccurate, 
I  fhall  merely  collefi:  together  the  few  feem- 
ing  fails  which  remain,  after  rejecting 
the  ufelefs  and  inconfiftent  obfervations, 
in  which  they  have  been  involved  by  the 
ingenuity  of  authors,  and  tlielr  partiality 
for  particulap  opinions. 

In 
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In  various  writers,  we  find  the  eiSedts  of 
.  / 

a  moderate  dofe  of  opium,  on  living  ani¬ 
mals,  accurately  defcribed  ;  moft  people 
have  experienced  them,  indeed,  in  their 
own  perfons.  ‘  ■ 

/ 

Soon  after  its  exhibition,  it  renders  the  / 
pulfe  quicker  and  fuller,  it  produces  relief 
from  pain,  and,  in  moft  inftances,  tranquil- 
lity  of  mind,  and  refrefhing  deep. 

/  - 

The  effedts  of  opium,  like  thofe  of  other 
drugs,  become  lefs  confiderable,  the  longer 
the  body  is  accuftomed  to  it.  Every  perfon 
knows,  what  quantities  of  opium  are  con- 

V 

fumed  by  the  inhabitants  of  many,  eaftern 
countries.  And  even  in  our  own,  we  are 
every  day  meeting  with  people,  who  have 
habituated  themfelves  to  a  very  free  ufe  of 
it.  '  I  have  feen  a  man  drink  four  ounces 
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of  laudanum,  without  perceiving  front  it 
even  a  tendency  to  deep. 

Dr.  Mead  is  among  the  earlieft  authors, 
who  have  given  an  accurate  account  of  the 
effeds  of  an  over-dofe  of  opium. 

In  his  Treatife  on  Poifons,  firft  publiflied 
in  1702,  he  relates  the  following  experi¬ 
ment  made  on  a  dog.  “  When  he  had  thus 
“  taken  (fays  he),  as  I  could  guefs,  near 
“  two  drams  of  the  folution,  I  watched 
him  about  an  hour ;  then  he  began  to 
deep,  but  prefently  ftarted  up  with  con- 
vuldons,  fell  into  univerfal  tremblings, 
his  head  conftantly  twitched  and  fha- 
“  king  ;  he  breathed  diort  and  with  la- 
“  hour,  loft  entirely  the  ufe,  firft  of  his 
“  hinder  legs,  then  of  his  fore  ones,  which 
were  ftiff  and  rigid  like  flicks.  As  he  lay 
“  fnorting,  to  haften  his  end,  I  was  giving 

'‘him 
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him  more  of  the  folution,  but,  on  a  fud- 
“  den  his  limbs  grew  limber  and  he  died.’' 

/ 

Tralles,  in  his  elaborate  work,  De  Ufa 
Opii,  gives  nearly  the  fame  account  of  the 
effedls  of  an  over-dofe  of  opium.  But,  as 
he  defcribes  thefe  effe£ts,  fuch  as  he  acci¬ 
dentally  met  with  them,  in  the  human  bo¬ 
dy,  his  account  of  them  is  more  intereft- 
ing  than  that  of  moft  other  authors.  “  Me- 
“  mini  (he  obferves)  horrendis  convuhio- 
nibus  affeftum  infantulum ;  cui,  per  er- 
rorem,  datus  fuerat  pulvillus,  matri  def- 
‘‘  tinatus,  granulum  forte  dimidium,  ex- 
‘‘  tra6li  opii,  habens.”  He  quotes  feveral 
ral  other  fimilar  cafes  from  different  au¬ 
thors. 


The  convulfions,  produced  by  an  over 
dofe  of  opium  (it  has  fince  been  obferved), 
are  of  a  peculiar  kind.  Jn  many  refpefts, 
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they  greatly  referable  tetanus.  They  arc 
of  that  fpecies,  which  has  been  term¬ 
ed  tonic  ;  have  intermilRons,  and  during 
thefe,  are  renewed  by  the  flighteft  touch. 
I  have  repeatedly  feen  them  excited  by  a 
perfon  walking  acrofs  the  room,  while  the 
animal  lay  on  the  floor  ;  and  have  always 
obferved  the  convuliions  from  an  over-dofe 
of  opium,  in  frogs  and  rabbits  (the  only  a- 
nimals  on  whom  I  have  made  the  experi¬ 
ment),  afliime  the  form  of  a  true  opiftho- 
tonos,  without  having  ever  perceived  in 
them  the  leaft  tendency  to  any  other  form 
of  tetanus. 


Dr.  Alfton,  by  means  of  the  micro- 
fcope,  obferved  the  velocity  of  the  cir¬ 
culation  fuddenly  diminifhed,  on  throw¬ 
ing  a  watery  folution  of  opium  into  the 
ftomach  of  a  frog :  But  he  has  not  fia-r 

ted 

* 
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ted  accurately,  the  time  required  for  pro¬ 


ducing  this  effeft. 


•f  I  ■ 


> .  1- 


r*  ^ 


r; 


He  has  alfo  obferved,  that  certain  ef¬ 
fects  of  opium,  if  it  be  given  in  large 
dofes,  very  fuddenly  follow  its  exhibition. 
It  has  almoft  inftantly  produced  fleep,  re¬ 
lief  from  pain,’ from  tenefmus,  from  vo¬ 
miting,  &c.  From  fuch  obfervations,  Dr. 
Alfton  draws  a  very  fair  conclufion,  that 
opium  is  capable  of  ading  onuhe  fyftem 
in  general,  through  the  medium  of  the 
nerves,  to  which  it  is  diredly  applied, 


He  has  likewife  lliown,  that  a  folution 
of  opium,  injeded  into  a  vein,  produces 
the  fame  effeds,  as  when  received  into  the 
flomach.  In  fmall  quantity,  it  occafions 
no  remarkable  fymptom ;  injeded  more 
freely,  convulfions  and. death.  It  has  been 
farther  obferved  by  various  authors, 

A  4  that 
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that  opium,  applied  to  the  brain,  or  im 
jecSed  into  the  heart  and  blood  vefTels, 
produces  convulfions  more  fpeedily,  than 
when  exhibited  in  any  other  way. 

Dr.  Alfton  found  that  opium  thickens 

( 

the  blood,  when  mixed  with  it  out  of  the 
body.  It  was  a  limilar  obfervation,  which 
gave  rife  to  the  hypothefis  of  its  occa- 
fidning  death,  by  congealing  the  blood  in 
the  heart  and  large  vefTels.  His  paper 
on  opium  is  in  the  5th  volume  of  the 
Edinburgh  Medical  Effays  and  Obferva-. 
tions. 

1 

Such  was  nearly  the  fiim  of  our  know¬ 
ledge,  concerning  the  aclion  of  opiunt 
on  the  living  animal  body,  when  Dr. 
Whytt  publiflied  his  treatife  on  this  fub- 
jecl. 


In 
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In  ftating  the  additional  information 
which  he  gives  us,  I  fliall  pafs  over,  in 
hlence,  certain  conclufions,  which,'  it 
may  feem  at  firft  fight,  I  ought  to  have 
mentioned.  On  comparing  them  with 
the  obfervations  of  later  writers,  how¬ 
ever,  they  will  be  found  inaccurate.  His 
conclufions,  for  inftance,  concerning  the 
manner,  in  which  opium,  applied  to  a  dif- 
tant  part  of  the  body,  affects  th^  motion 
of  the  heart.  / 

•  '  •» 

-  ■  ~  ..  .  '  f  i  -! 

Thefe  are  more  generally  known,  and 

have  been  more  frequently  referred  to, 

( 

than  perhaps  any  other  part  of  his  trea-- 
tife,  notwithftanding  they  were,  in  a  great 
meafure,'  invalidated  by  the  obfervations 
of  Dr,  Monro,  as  early  as  1761 ;  and  have 
fince  been  completely  refuted,  by  a  very 
accurate  experiment  of  Fontana’s,  made 
on  a  large  fcale.  As  this  experiment  is  re¬ 
lated 
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iated  in  the  Appendix  to  his  work  on  Poi-^ 
fons,  and  confequently  not  referred  to  in 
the  General  Index,  it  has  often  been  over¬ 
looked.  In  a  treatife  lately  publifhed,  on 
the  infli:^ce  difcovered  by  Galvani,  the 
author,  in  one  part  of  his  work,  builds 
much  of  his  reafoning  on  the  conclulions 
of  Dr.  Whytt,  which  are  here  alluded 
to. 

Dr.  Whytt,  as  well  as  Haller,  found 
the  motion  of  the  heart  little  affect¬ 
ed,  by  the  application  of  a  watery  fo^ 
lution  of  opium  to  its  external  furface. 
But  the  former  fliewed,  contrary  to  an 
opinion  which  once  prevailed,  that  th^ 
heart  is  far  from  being  wholly  exempted 
from  the  action  of  opium :  And,  what 
may  feem  curious,  he  found,  that  a  folu- 
tion  of  this  drug,  thrown  into  the  flomach 
and  inteftines  of  a  frog,  affeCts  its  motion 


\ 
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more  fpeedily  than  decollation,  and'  thc- 

deftrucSion  of  the  fpinal  marrow ;  and, 

on  the  other  hand,  that  a  largesdofe  of 

opium  deftroys  the  voluntary  motions  of 

this  animal,  in  a  fhorter  time- than  cut- 

« 

ting  out  the  heart. 

'  Dr.  Whytt  farther  obferved,  that  opium, 
thrown  into  the  ftomach  and  inteftines 
of  a  frog,  or  merely  applied  to  its  abdo¬ 
minal  mufcles,  produces  effeds  lefs  power-i 
ful  and  fudden,  than  when  injeded  intq 
the  cavity  of  the  abdomen. 

.  Upon  the  whole  (he  remarks),  opium 
produces  all  its  effeds  moft  fpeedily  on 
thofe  animals,  which  cannot  live  long 
without  a  frefli  fupply  of  food  and  air, 

s 

By  many  of  the  experiments  juft  allu- 
^led  to,  as  well  as  by  others,  he  confirms 

Dr. 
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Dr.  Alfton’s  opinion,  that  opium  produ¬ 
ces  many  of  its  eflfedls,  through  the  me¬ 
dium  of  the  nerves,  to  which  it  is  direftly 
applied.  To  this  action  of  opium  pro¬ 
bably  is  to  be  attributed  the  following 
fa6l,  the  laft  I  fliall  mention,  from  Dr. 
Whytt’s  treatife,  namely  that  opium,  in- 
jefted  into  the  great  guts  of  a  dog,  affedls 
the  hinder  extremities,  more  fpeedily  than 
the  fore  ones, 

r  ■' 

I  cannot,  however,  conclude  my  obfer- 
vations,  on  what  this  fubjed;  derived  from 
the  labours  of  Dr.  Whytt,  without  quo¬ 
ting  from  his  paper  the  following  paflage, 
which,  as  far  as  I  can  judge,  either  from 
my  own  experiments,  or  from  thofe  of 
others,  contains  one  of  the  jufteft,  and, 
at  the  fame  time,  one  of  the  moft  im¬ 
portant  obfervations,  concerning  the  ac- 
.  tion 
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tion  of  opium  on  living  animals  j  I  have 
any  where  met, with. 

“  It  remains  (fays  he),  therefore,  that 

/ 

‘‘  opium,  by  affecSing  the  extremities  of 
’  the  nerves  of  the  part  to  which  it  is  ap- 
“  plied,  does,  by  means  of  their  connexion 
‘‘  and  fympathy  with  the  brain  and  fpinal 
marrow,  deftroy  or  prevent,  through  the 
whole  nervous  fyftem,  the  operation  of 
“  that  power,  upon  which  depends  fenfa- 
“  tion  and  motion  in  the  bodies  of  ani- 
mals.”  It  is  to  be  remarked,  that  Dr. 
Whytt  does  not  here  fpeak  of  the  fympa- 
pathy  of  nerves,  but  of  their  connexion 
with  the  brain  and  fpinal  marrow. 

Not  long  after  the  publication  of  Dr. 

Whytt’s  treatife.  Dr.  Monro  publilhed  his 

obfervations  on  the  fame  fubjed,  in  the  3d 

volume  of  the  Effays  and  Obfervations, 

'  Phvfical 

.  ^ 
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Phylical  and  Literary,  of  the  Pliilofophi-’ 
cal  Society  of  Edinburgh. 

Dr.  Monro  fhews,  that  opium,  applied 
externally,  produces  the  fame  effefts,  as 
when  thrown  into  the  ftomach  and  in- 
teftines,  cavity  of  the  abdomen,  or  blood 
veffels.  He  obferves,  page  306,  ‘‘  The  eL 
“  fe6ts  are,  however,  more  fpeedy,  where 
‘‘  the  dofe  is  equal,  when  the  opium  is 
applied  inwardly,  than  when  applied 
outwardly ;  as  might  have  been  prefu-^ 
''  med,  from  the  greater  fenfibility  and 
delicacy  of  the  inward  organs.” 

He  has  alfo  ftiewn,  that,  although  opium ^ 
applied  to  a  naked  mufcle,  very  fuddenly 
deftroys  its  power  of  contraclion,  yet,  ap¬ 
plied  externally  to  a  limb,  while  the  fKin 
is  entire,  it  does  not  affe6l  its  mufcles 
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more  fpeedily,  or  in  a  greater  degree,  than 

< 

the  mufcles  of  any  other  part  of  the  body. 

Having  obferved  the  effeds  of  opium 
on  the  entire  animal,  he  wifhed  to  afcer- 
tain  its  eifedls,  when  it  a£ls  merely  on  the 
part  to  which  it  is  diredlly  applied. 

t-. 

f 

“  But  here  (he  obferves),  we  per- 

/' 

ceive  an  obvious  difficulty ;  for,  if 
‘‘  we  flop  the  circulation  in  every  part 
‘‘  of  the  body,  by  cutting  out  the  heart, 
‘‘  or  flop  it  in  one  particular  part ;  it  is 
“  evident,  that  the  animal  will  be  dead, 
or  the  nerves  will  have  loft  their  ener- 
‘‘  gy,  in  a  great  meafure,  if  not' entirely, 
''  before  the  folution  of  opium  can  pro- 
duce  its  - effects  in  a  very  obfervabk 
“  manner.” 

This  difficulty,  however,  was  obviated  in 

the 
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the  following  manner  :  Dr.  Monro  found, 
analogous  to  an  obfervation  of  Dr.  Alfton, 
that,  on  pouring  30  drops  of  a  ftrong  fo- 
lution  of  opium,  through  a  hole  made  in 
the  abdomen,  of  a  frog,  the  motion  of 
the  heart  is  fo  fuddenly  affeded,  that,  in 
the  fpace  of  two  minutes,  it  beats  with 
only  half  its  ufual  frequency,  and  that, 
foon  afterwards,  all  the  mufcles  of  volun¬ 
tary  motion  are  convulfed. 

r 

‘‘  Having,  by  this  laft  experiment  (he 
‘‘  obferves),difcovered  a  method  by  which 
this  animal  (the  frog)  is  affefted  to  a 
“  violent  degree  with  opium,  in  a  fhorter 
time,  than  that  in  which  the  energy  of 
“  its  nerves^  is  confiderably  impaired,  by 
putting  a  flop  to  the  circulation;  I  could 
now  determine,  with  cei'tainty,  whether 
“  this  animal  could  be  affecled  in  that  vio- 
lent  degree,  through  the  nerVes  to  which 

the 
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the  opium  was  primarily  applied,  inde-’ 
pendent  of  abforption,  and  the  circu- 
lation  of  the  blood,  by  cutting  out  the 
‘‘  ventricle  of  the  heart,  and  fo  flopping 
the  circulation,  before  I  poured  the 
folution  into  the  cavity  of  the  abdo- 
men ;  and  on  fever al  trials,  I  found, 

p 

“  that  the  animal  was  in  this  way  affed;- 
ed  as  in  the  lad  experiment,”  (i.  e,  the 
animal  ,was  convulfed)  ;  “  with  this  only 
‘‘  difference,  that  it  required  a  fomewhat 
longer  time  to  produce  thefe^effeds  in 
the  fame  degree. 

The  author,  in  his  comment  on  this 
experiment,  obferves,  ‘‘  As  the  animal 

t 

was  convulfed,  and  in  a  diort  time  kill- 
ed,  by  pouring  the  folution  into  the 
‘‘  cavity  of  the  abdomen,  after  cutting 
out  the  heart,  we  have  undeniable  evi- 
dence,  that  there  is  a  poffible  way  of 

B  “  applying 
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applying  opium,  fo  that  it  may  produce 
thofe  efFedts,  through  the  nerves,  to 
which  it  is  primarily  applied,  indepen- 
dent  of  its  abforptiori  and  circulation 
with  the  blood,  as  Dr.  Whytt,  from  a 
“  fimilar  experiment,  firft  endeavoured  to 
prove.” 

Dr.  Monro  has  alfo  ihewn,  that  the 
lame  effedts  are  produced  by  throwing 
the  folution  of  opium  into  the  heart, 
while  the  heart  itfelf  is  inftantly  rendered 
paralytic. 

AVhen  we  compare  that  part  of  the 
foregoing  experiment  which  relates  to 
the  heart,  (fays  the  author),  with  fome 
“  experiments  made  by  Dr.  Whytt, 
“  where  the  opium  was  applied  to  its 
outer  part,  we  fee  how  greatly  the  de- 
licacy  of  feeling  of  the  inner  fide  of 

the* 


the  heart  exceeds  that  of  the  outer 

ilde.”  And  in  another  place  he  ob- 

ferves,  ‘‘We  fee  how  fuddenly  the  whole 

“  body  fympathifes  with  the  heart.” 

*  ^ 

On  looking  over  notes  which  I  took 
from  his  lectures  in  1789,  I  find  it  men- 
tioned,  that  although  the  aorta  be  pre- 
vioufly  cut,  a  folution  of  opium  thrown 
into  the  heart  affedls  every  part  of  the 
body.  And  in  a  late  paper,  entitled, 

Experments  on  the  Nervous  Syjiem  with 

\ 

Opium  and  Metalline  Subjlances,  made  chiefly 
with  the  view  of  determining  the  Nature  and 
Effects  of  Animal  EleSricity,  he  ob ferves, 
“  Many  years  ago,  I  found,  after  cutting 
“  the  vense  cavae  and  aorta  of  a  frog,  that 
“  a  watery  folution  of  opium,  poured  into 
“  the  heart,  occafioned  in  a  few  minutes 
“  Gonvulfions  in  its  legs ;  and  after  cutting 

B  2 
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“  out  the  heart,  that  the  opium  poured 
“  into  the  cavity  of  the  abdomen  affefted 
“  the  legs  in  like  manner ;  although,  in 
thefe  experiments,  the  circulation  was 
“  not  only  interrupted,  but  the  greater 
part  of  the  blood  evacuated,  I  there- 
fore  then  concluded,  and  now  conclude, 
that  opium  and  other  poifons,  even  af- 
^  ter  they  are  mixed  with  'the  mafs  of 
blood,  produce  their  fatal  effeds  chiefly, 
‘‘  and  almoft  folely,  by  afting  on  the 
''  nerves  of  the  heart  and  vafcular  fyftem/’ 

Yet  Dr.  Monro  found,  that  opium,  ap¬ 
plied  to  the  extremities,  is  not  capable  of 
affedling  the  whole  fyftem  through  the 
medium  of  the  nerves. 

I 

But  the  moft  important  point  concern¬ 
ing  the  aftion  of  opium  on  .  living  ani¬ 
mals,  eilablifned  by  this  author,  is  its 

being 
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being  received  into  the  fyftem  by  means 
of  the  abforbents  :  which,  as  far  as  I  can 
judge,  he  proves  inconteftibly,  by  {hew¬ 
ing  that  the  effeds  of  opium,  applied  to 
a  limb,  after  all  communication  between 
it  and  the  reft  of  the  body,  by  means  of 
the  nerves,  is  cut  off,  are  foon  felt  in 
.every  part  of  the  fyftem. 

\ 

Such  are  the  circumftances  relating  to 
the  action  of  opium  on  the  living  animal 
body,  afcertained  by  Dr.  Monro.  The 
following  conclufions,  which  I  fliall  give 
in  his  own  words,  contain  the  leading 
opinions  he  formed  on  this  fubje£t. 

t 

We  may  indeed  perceive,  (fays  he), 
''  that  the  effeds  of  all  the  foregoing  me- 
dicines,  (among  which  opium  is  inclu- 
“  ded),  when  they  are  applied  to  the 
found  outer  fur  face  of  the  body,  are 

B  3  ''  chiefly 
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“  chiefly  owing  to  their  abforption,  mix- 
ture,  and  conveyance  with  the  blood  i 
fince  they  operate  as  violently,  and 
nearly  as  foon,  when  the  nerves  of  the 
part  to  which  they. are  applied  are  cut, 
“  as  when  they  are  entire. 

If,  again,  they  are  applied  to  the 

more  fenfible  inward  furface  of  the 

‘‘  primse  viae,  they  may  probably  operate 

more  fpeedily,  and  in  fome  cafes  more 

‘‘  violently,  through  the  nerves  alone, 
‘‘  than  by  their  being  abforbed,  and  con- 

veyed  by  the  blood.” 

In  another  place  he  obferves,  As  the 
“  opium  has  a  furpriflng  influence  over 
“  the  heart  and  arterious  fyftem,  when 
“  direflly  applied  to  them,  and  thefe  ef- 
‘‘  feds,  though  greater,  are  fimilar  to  the 
''  effeds  of  this  m_edicine  when  abforbed, 
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we  may  infer,  that  when  it  is  abforb- 
ed,  mixed,  and  conveyed  with  the 
blood,  its  effects  are  almofl  folely  to  be 
afcribed  to  its  operation  on  the  nerves 
of  the  heart,  and  veflels  through  which 
it  is  carried ;  and,  by  analogy,  the 
■  ‘  like  is  probable  of  many  other  medi- 
cines.” 

.  ■  'f' 

In  his  1 2th  corollary,  he  remarks. 
We  are  to  confider,  that  the  nerves  of 
the  heart,  and  large  branches  of  the 
vafcular  fyftem,  affedted  by  medicines 
abforbed  and  conveyed  by  the  blood, 
will  influence  by  fympathy  other  nerves 
‘‘  of  the  body,  to  which  thefe  medicines 
may  not  be  able  to  penetrate  through 
the  very  fmall  veffels.” 

But  (he  obferves  in  another  of  his 
corollaries)  it  is  difficult  to  determine 

B  4  whether 
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whether  we  are  to  afcribe  the  chief  ef- 

\ 

feds  of  opium  on  the  found  animal  to  its 
‘‘  adion  on  the  nerves,  to  which  it  is  im~ 
mediately  applied,  or  to  its  abforption,’^ 

I  ftiall  quote  but  one  more  obfervatioA 
from  Dr.  Monro’s  paper.  It  deferves  par¬ 
ticular  attention.  That  p^rt  of  it  which 
relates  to  opium,  indeed,  is  fuggefted  by 
what  has  already  been  faid,  namely, 

.  “  That  the  efteds  of  an  over-dofe  of 
opium,  as  well  as  of  fome  other  medi-' 
“  cines,  on  frogs,  are  analogous  to  their 
effeds  on  men  and  quadrupedes.” 

Fontana,  the  well-known  Italian  pliy- 
fiologift,  makes  a  iimilar  remark.  This 
author,  among  numerous  experiments 
relating  to  other  fubjeds,  has  made  many 
with  opium  on  living  animals. 

jk  O 

Onij 
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Only  a  fmall  part  of  what  he  has  done 
on  this  fubjed:,  however,  falls  to  be  taken 
notice  of  here.  He  does  not  feem  well 
acquainted  with  what  had  been  afcer- 
tained  by  the  phyfiologifts  of  this  coun¬ 
try,  before  he  publifhed  his  experiments  ; 
and  frequently  beftows  much  pains  en¬ 
deavouring  to  prove,  what  has  already 
been  dated,  as  proved  by  others, 

His  experiments,  indeed,  feem  accu-^ 
rate,  and  many  of  them  are  made  on  a 
fcale  even  more  extenllve  than  was  ne- 
ceflajry  for  afcertaining  what  he  had  in 
view ;  but  he  draws  few  concluhons ;  and 
the  imperfedh  manner  in  which  mod  of 
the  experiments  are  related  feldom  ad¬ 
mits  of  any,  but  thofe  which  the  author 
makes  from  them. 

This  doubtlefs  proceeded  from  his  ha¬ 


ving 
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vin^g  in  view  to  prove  but  one  great  fad:, 
and  neglefting  (as  every  perfon  in  fuch 
circumftances  is  more  or  lefs  apt  to  .do) 
whatever  did  not  tend  to  fupport  or  over^ 
throw  his  favourite  hypothefis.  A  few 
pf  his  experiments  defer ve  particular  at^ 
teiition. 

By  one,  made  on  no  lefs  than  300 
frogs,  he  has  afcertained,  that  opium  ap¬ 
plied  to  a  nerve  does  not  affed:  the  muf- 
cles  in  which  it  terminates, 

It  is  foreign  to  the  plan  which,  for  the 
fake  of  brevity,  I  have  adopted,  to  com¬ 
ment  upon  the  inference  that  Fontana 
draws  from  this  experiment,  Que  le 
vehicule  .de  V  opium  eft  la  circulation 

“  du  fang  et  des  humeurs  dans  1’  animal : 

( 

et  que  fans  elle  P  opium  n’exerceroit 
aucune  aftion  fur  corps  vivant.”  It  is 

dired:ly 
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diredtly  contradicted  by  almoft  innume?? 
rable  obfervations^ 

The  following  experiment  of  Fonta¬ 
na’s  is  one  of  more  confequence.  It  was 
alluded  to  when  fpeaking  of  Dr.  Whytt’s 
treatife  on  opium.  An  experiment  of 
this  author  fuggefled  it  to  Fontana.  * I 
made  (fays  the  latter)  a  little  opening  in 
the  fcull  of  a  certain  number  of  frogs, 
through  which  I  deflroyed  the  brain  and 
fpinal  marrow  with  a  -long  pin.  By  per¬ 
forming  the  experiment  in  this  way,  ra^ 
ther  than  by  cutting' off  the  head,  the 
great  flow  of  blood  which  takes  place  in 
decollation  was  prevented ;  and  conle- 
quently,  in  making  experiments,  frogs, 
with  the  ner\^ous  fyftem  deflroyed  in  this 
way,  can  be  more,  readily  compared  with 
the  entire  animal.  Having  then  (he 
continues)  made  a  certain  number  of 

frogs. 
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frogs,  thus  prepared,  fwallow  each  a  cer¬ 
tain  quantity  of  opium,  and  the  fame 
number  of  entire  frogs  fwallow  each  the 
fame  quantity,  I  opened  the  thorax  in 
all  of  them,  in  order  to  obferve  the  mo¬ 
tion  of  the  heart.  I  obferved  its  dura¬ 
tion,  and  from  time  to  time  ftimulated 
the  crural  nerves,  both  in  the  one  fet  of 
frogs  and  in  the  other  ;  and  I  can  af- 
fert,  that  having  ufed  in  this  experiment 
48  frogs,  24  with  the  brain  and  fpinal 
marrow,  deftroyed  as  above  mentioned, 
and  24  entire,  I  could  not  perceive,  that 
the  opium  produced  a  lefs  effed:,  or  ope¬ 
rated  more  flowly,  on  the  one  fet  of  frogs 

than  it  did  on  the  other. 

> 

Je  deduis  cependant,  de  ces  reful- 
tats,  (Fontana  continues),  deux  coroh 
“  lairs  tres  importans  :  Le  premier  eft, 
‘‘  que  le  mouvement  du  coeur  ne  depend 

‘‘  point 
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point  des  nerfs,  ni  de  cet  enfemble  de 
fenfations  qui  conflitue  la  vie  de  I’ani^ 
“  mal.  Le  fecond  eft,  que  V  aition  de 
r  opium  r  exerce  independamment  dii 
‘‘  fyfteme  nerveux.” 

The  former  of  thefe  inferences  is  made 
from  other  experiments.  It  is  plain,  that 
the  latter  is  not  warranted  by  that  juft 
related.  The  only  conclufion  we  can 
draw  from  it,  and  one  indeed  which  it  is 
impoflible  for  us  not  to  draw  from  it,  is, 
that  the  motion  of  the  heart  is  not  af- 
fedled  by  opium,  applied  to  a  diftant  part 
of  the  body,  through  the  medium  of  the 
nervous  fyftem. 

It  is  eafy  to  count  the  beats  of  the 
heart,  but  impoflible  to  determine  accu¬ 
rately  the  ftate  of  the  mufcles,  by  irrita¬ 
ting  the  nerves  which  terminate  in  them. 

This 
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This  part  of  the  experiment  lies  open  to 
much  fallacy  ;  and  that  Fontana  was  de¬ 
ceived  in  the  inference  which  he  draws 
from  it,  appears  from  many  fads  related 
in  the  fubfequent  part  of  this  paper. 

Fontana  found,  in  another  experiment 
made  on  24  frogs,  that  opium,  thrown 
into  the  ftomach,  more  fpeedily  impairs 
the  motion  of  the  limbs  in  the  entire 
animal,  than  in«  one  with  the  heart  cut 
out* 

Dr.  Alexander  publiflied  his  thefis, 
entitled,  De  partibus  corporis  animalis 

qu^e  viribus  opii  parent  at  Edin¬ 
burgh,  in  1790*  He  attempts  to  fhow^ 
(contrary  to  what  feems  afcertained  by 
feveral  of  Dr*  Monro’s  experiments),  that 
opium  is  never  received  into  the  fyftem 
by  means  of  the  abforbents* 


I  think 
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1  think  It  necefTary  to  mention  this  at¬ 
tempt,  becaufe  Dr.  Alexander’s  experi¬ 
ments  have  been  made  fmce  the  publi¬ 
cation  of  Dr.  Monro’s.  But  how  unfuc- 
cefsful  it  is,  muft  appear  at  fir  ft  view  to 

every  per  Ion  who  perufes  the  thefts. 

% 

No  body  can  compare  together  the 
52d,  54th,  and  56th  experiments,  and 
read  the  comment  which  in  the  io6th 
and  107th  pages  the  author  makes  upon 
them,  without  fome  furprife  at  feeing  a 
man  of  Dr.  Alexander’s  ingenuity  permit 
himfelf  to  be  fo  evidently  mifled. 

Can  it  be  ferioufly  aflerted,  that  be¬ 
caufe  a  frog  with  the  fpinal  marrow  di¬ 
vided,  and  30  drops  of  a  folution  of 
opium  applied  to  the  extremities,  fur- 
vived  another  whofe  heart  was  cut  out, 
and  to  whofe  extremities  the  fame  quan¬ 
tity 
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tity  of  the  fame  folution  was  applied  : 

Can  it  be  aflerted,  I  fay,’  from  this 

experiment,  that  none  of  the  effeds 

/■ 

of  opium  depend  upon  its  abforption? 
Is  not  cutting  out  the  heart  more  fud- 

denly  fatal  than  the  divifion  of  the  fpi- 

/ 

I 

nal  marrow  ?  and  fhall  we  make  no  al- 
lowance  for  this  circumftance  in  draw- 
ing  our  conclufions  from  the  experi- 
ithent  ?  ' 

»  t  t 

Nor  are  his  59th  and  60th  experiment^' 
eonclufive  lince  opium,  applied  to  the 
inferior  extremities j  operates  very  ilowly 

,  on 

V  • 


*  Neither  is  Dr.  Alexander’s  51ft  experiment 
conclulive.  The  powers  of  abforption  were  proba¬ 
bly  deranged  by  the  injury  done  to  the  part  of  the’ 

i 

.  inteftines  on  which  the  experiment  was  made.  Be- 
fides,  it  was  no  eafy  matter  to  determine  whether  or 
not  the  ladteals  contained  a  fmall  quantity  of  the- 


opium. 
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«ii  the  fyftem  in  general ;  and  the  injury\ 
done  to  the  frogs  in 'thefe  experiments, 
previous  to  the  application  of  the  opium, 
very  confidera,ble 

From  fome  of  Dr.  Alexander’s  experi-» 
ments  it  appears,  that  univerfal  convuir 
fions  are  the  cohfequence  of  throwing  a 
folution  of  opium  into  the  ftomach  and 
inteftines  of  a  frog,  although  the  heart 
has  been  previoufly  removed.  'It  was» 
formerly  obferved,  that  Dr.  Monro  met 
with  the  fame  refult,  on  injedtihg-a  folu¬ 
tion  of  opium  into  the  cavity^'of  the  ab¬ 
domen,  after  cutting  out  the  heart ;  but 

\ 

he  fpeaks  as  if  he  did  not  meet  with  this 

C  re  fait 

r 

- -  -ji  .1  -■■I-! - ! - ^ 

*  Dr.  Alexander  was  led,  from  his  experiments  ou 
this  head,  to  conclude,  upon  the  whole,  that  although 
we  cannot  pofitively  alTert  that  opium  ;s  not  abforbed, 
yet  we  have  no  proof  of  its  being  fo,  at  leaft  to  fuch 
a  degree  as  to  kill. 


V 
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refult  when  the  folution  was  thrown  in- 
to  the  ftomach  and  inteftines. 

Dr.  Alexander  fliews,  by  many  experi¬ 
ments,  that  opium,  injedled  into  the  heart 
of  a  frog ;  or  into  the  ftomach  and  intef¬ 
tines,  or  under  the  fkin,  whether  the 
heart  has  been  previoufly  removed  or 
not ;  deftroys  the  irritability  of  all  the 
mufcles  of  voluntary  motion  :  but  that  it 
only  produces  the  fame  effecft  on  the  muf¬ 
cles  of  involuntary  motion  when  imme¬ 
diately  applied  to  them. 

He  has  alfo  fliewn,  that  if  the  nerves 

going  to  any  limb  be  cut,  the  irritabi- 

) 

lity  of  that  limb  remains  after  death, 
when  the  animal  is  killed  by  opium,  in 
whatever  manner  applied,  provided  it 
has  not  been  applied  to  the  mufcles  of 
the  limb  itfelf 

i  .  ‘ft  i 
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As  moft  of  Dr.  Alexander’s  experiments 
were  made  with  a  view  to  fupport  or  over¬ 
turn  certain  hypothetical-  opinions,  and 
as  no  inferences  of  confequence,  except 
thofe  relating  to  fuch  opinions,  can  be 
drawn  from  them,  few  of  this  author’s 

I !' 

ufeful  obfervations  fall  to  be  related'  here. 

\  ' 

The  laft  fad  mentioned  from '  Dr.  A- 
lexander’s  treatife  is  farther  confirm¬ 
ed  by  Dr.  Fowler,  in  a  publication 
gbove  alluded  to,  who  ufed,  as  a  teft  of  the 

irritability  of  the  mufcles,  the  influence 

.  »  ^ 
lately  difcovered  by  Galvani. 

It  may  not  be  ufelefs  to  prefent,  at  one 
view,  the  moft  important  fadls  which  have 
been  ftated. 

Opium,  applied  to  any  part  of  a  living 
animal,  foon  produces -an  averfionto  mo- 

C  2  ^ion 
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tion,  and  a  tendency  to  deep.  Thefe  ef- 
feds  often  take  place  inftantly  when  the 
dofe  is  confiderable,  efpecially  if  it  has 
been  applied  to  a  fenfible  part  of  the 
body 

If  the  dofe  is  fufficient  to  endanger- 
life,  convulfions  foon  fucceed,  which 
confift  of  repeated  contradions  and  re^ 
laxations  of  all  the  naufcles  of  voluntary 
motion  f .  In  different  cafes  the  contrac-^^ 
tions  are  more  or  lefs  permanent, 

Throwing  a  folution  of  opium  into  the 
blood-veffels  produces  the  fame  effeds  as 
applying  it  in  any  other  manner.  A 
fmall  quantity  may  be  given  in  this,  as 
in  every  other  way,  without  occafioning 


either 


^  Dr.  Mead. 

t  Dr.  Mead,  Dr.  Alii  on,  Dr.  Tralles,  See. 
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‘  either  convulfions  or  death  Convul-* 
fions  are  the  confequence  of  throwing  a 
ftrong  folution  of  opium  into  the  heart 
of  a  frog,  whether  the  vense  cavse  and 
aorta  have  been  previoufly  divided  or 
not  f .  The  fame  folution  thrown  into 
the  ftomach  and  inteflines,  or  into  the 
cavity  of  the  abdomen,  after  the  heart  is 
cut  out,  produces  the  fame  effedt  :[:* 

After  the  brain  and  fpinal  marrow  of 
a  frog  have  been  deftroyed,  without  much 
lofs  of  blood,  a  folution  of  opium,  thrown 
into  the  ftomach  and  inteftines,  affects 
the  motion  of  the  heart  as  readily  as 
when  the  nervous  fyftem  remains  en¬ 
tire  Ij.  Opium,  therefore,  applied  to  a 

•C  3  diftant 


^  Dr.  Alfion,  Fontana,  and  Dr.  Alexander, 
f  Dr.  Monro. 

X  Dr.  Monro  and  Dr.  Alexander. 

|j  Fontana, 
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diftant  part,  afFefts  the  motion  of  thii 
organ  through  fome  other  medium  than 
that  of  the  nervous  fyftem. 

After  all  connexion,  by  means  of  the 
nerves,  between  the  hinder-limbs  and 
trunk  of  a  frog,  is  cut  off,  a  folution  of 
opium  applied  to  thefe  limbs  produces 
the  fame  effefts  on  the  body  in  general^ 
as  when  their  connexion  with  the  trunk 
is  entire;  Froih  which  we  conclude, 
that  opium  is  received  into*  the  fyftem  by 
means  of  the  abforbents 

On  throwing  a  ftrong  folution  of  opi¬ 
um  into  the  heart,  it  inftantly  becomes 
paralytic ;  nor  can  its  adtion  be  renewed 
by  any  irritation  whatever 

The 


*  Dr.  Monro. 
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i  •  •  f 

The  application  of  this  folutioti  to  the 
mufcles  of  the  extremities  produces  the 
fame  effed:  on  them.  But  if  every  thing 
forming  the  connection  between  thefe 
and  the  trunk,  except  the  nerves,  be  di¬ 
vided,  its  adion  extends  no  farther 

Thrown  into  the  heart  of  a  frog ;  or 
into  the  ftomach  and  inteftines,  or  under 
the  ikin,  either  before  or  after  the  heart 
is  removed  ;  it  deftroys  the  irritability  of 
all  the  mufcles  of  voluntary  motion  f  ^ 

Thrown  into  the  cavity  of  the  abdo¬ 
men,  it  very  fuddenly  renders  the  com 
tradions  of  the  heart  lefs  frequent  1^, 
and  produces  all  its  other  effeds  more 
fpeedily  than  when  injeded  into  the  fto- 

C  4  rhach 
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macli  and  inteftines,  or  merely  applied 
to  the  abdominal  mufcles 

Laftly,  it  operates  moft  fpeedily  on 
,thofe  animals  which  cannot  live  long 
without  a  frefh  fupply  of  food  and  air  f . 

Such  may  be  confidered  the  prefent 
Hate  of  our  knowledge  concerning  the 
acSion  of  opium  on  the  living  animal 
body*. 

On  reviewing  what  has  been  faid,  wc 
ftill  find  the  fubjedt  involved  in  much 
confufion. 

Opium,  it  has  been  obferved,  fo  affed^ 
the  nerves  of  the  abdomen,  ftomach,  and 

inteflines, 


^  Dr.  Whytt  and  Dr.  Monra, 
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inteftines,  and  thofe  of  the  heart,  as  tb 
a£t  by  what  has  been  termed  the  Sympa«‘ 
thy  of  Nerves,  on  every^  the  moft  diftant 
part  of  the  body,  after  the  circulation  is 
interrupted  ;  and  yet  no  aiStion  of  opium 
on  the  nerves  of  the  extremities  produces 
the  fame  effed:.  And  altho’  a  folution  of 
opium,  diredly  applied  to  the  heart,  thus 
affeds  diftant  parts  of  the  body,  and  the 
motion  of  this  organ  is  almoft  imme-^ 
diately  influenced  by  injeding  the  folu-- 
tion  into  the  cavity  of  the  abdomen, 
i.  e.  far  more  fpeedily  than  it  could  be 
through  the  medium  of  the  abforbents ; 
yet  throwing  a  large  quantity  of  opium  ^ 
into  thedomach  and  inteftines,  does  not 
affed  the  motion  of  the  heart,  through 
the  medium  of  the  nervous  fyftem, 

/  - 

'  Thefe  circumftances  very  nearly  imply 
contradidions,  and  certainly  do  not  tend 


to 
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to  eftablifli  any  general  laws  concern¬ 
ing  the  action  of  opium  on  living  ani¬ 
mals. 

My  reafon  for  laying  the  following  ex¬ 
periments  before  the  public  is,  that  they 
contradid:  many  of  the  mofl:  elTential  of 
the  above-mentioned  circumftances,  at 
prefent  regarded  as  inconteftible  fads ; 
that  they  remove  the  feeming  contradic¬ 
tions  juft  ftated ;  and  that  they  feem  to 
afford  a  very  ftmple  account  of  the  modus  , 
operand!  of  opium  on  living  animals ; 
that  is,  to  ftiew  on  what  parts  of  the  fyf- 
tem  this  drug  immediately  ads  in  pro¬ 
ducing  each  of  its  effeds,  and  that  its 
adion  on  thefe  parts  does  not  effentially 
differ  from  that  of  a  vaft  number  of  other 
fubftances. 

But  I  do  not  aflert,  that  becaufe  they 

remove 
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remove  thefe  feeming  contradidions,  and 
afford  a  more  limple  account  of  the  mo^ 
dus  operand!  of  opium  than  thofe  which 
have  been  related  or  alluded  to  ;  I  am 
very  far  (I  fay)  from  afferting,  that  on 
thefe  accounts  their  refults  ought  to  be 
granted ;  efpecially  when  they  contradid 
the  inferences  which  we  muft  draw  from 
the  experiments  of  a  Whytt,  a  Monro, 
or  a  Fontana. 

The  only  means  of  arriving  at  certain* 
ty  in  experiments,  where  there  is  fo  much 
room  for  fallacy  as  in  thofe  I  am  fpeak- 

t 

ing  of,  is  frequently  repeating  them ; 
and  although  the  circumftances  juft  men¬ 
tioned  tend  doubtlefs  to  confirm  the  re¬ 
fults  of  the  following  experiments,  it  is 
folely  on  this  ground  that  I  bring  them 
forward,  namely,  that  they  have  been 

much 
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inuch  more  'frequently  repeated  than 
thofe^  from  which  oppofite  conclufions 

■X' 

mull  be  drawn^ 


EXPERIMENTS,  ?mde  with  a  mew  to  de-^ 
termine  the  manner  in  which _  Opium  adts 
on  the  Living  Animal  Body, 


I  Begun  thefe  Experiments  by  repeating 
the  moft  fiiriple  of  thofe  which  had  been 
made  by  others,  ^  Opium  was  applied  to 
various  parts  of  the  entire  animal,  both 
external  and  internal,  and  the  refults 
found  precifely  fuch  as  various  authors 
have  ftated  them, 

I 

* 

The  animal  conftantly  became  afieded* 

with 
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with  violent  and  univerfal  fpafms,  which 
almoft  immediately  followed  the  exhibi¬ 
tion  of  the  opium,  when  it  was  applied  to 
the  brain,  or  injefted  into  the  heart  and 
blood-veffels. 

After  making  many  experiments  which 
led  to  no  ufeful  conclufion,  any  account 
of  which,  therefore,  would  be  improper, 
the  following  obfervation  fuggefted  feve=^ 
ral  of  thofe,  I  am  about  to  relate. 

On  throwing  a  folution  of.  opium  into 
the  heart,  I  thought  I  perceived  it  pafs 
along  the  aorta  towards  the  brain.  Com¬ 
paring  this  circumftance  with  the  effeits 
of  opium  applied  to  that  organ,  it  ap¬ 
peared  probable,  that  the  convulfions 
which  follow  its  injedion  into  the  heart 
and  blood-veffels,  are  owing,  not  to  any 

fympathy 
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I 

fympathy  of  the  nerves  of  the  heart  with 
thofe  of  other  parts  of  the  body,  but  to^ 
the  opium  being  conveyed  through  the 
aorta,  and  immediately  applied  to  the 
brain.  With  a  view  to  determine  this 
point,-  I  made  the  following  experir 
ments.  '  ^  .  *’ 

The  folution  ufed  in  the  firfl:  and  many 
of  the  other  experiments,  was  prepared  in 
the  following  manner.  One' ounce,  of 
opium  was  triturated  with  two  ounces  of 
warm  water,  till  a  turbid  mixture  was 
formed  :  one  ounce  of  cold  water  was 
afterwards  added  to  it,  This  mixture ' 
was  carefully  corked,  and  expofed  to  a 
temperature  of  90°  *  for  1 2  days.  It  was 

then 


*  Of  Farenheit’s  thermometer. 
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then  filtered,  and  about  two  ounces  and 
a  half  of  a  very  flrong  folution  obtained, 
which  appeared  almoft  black  in  a  com¬ 
mon  two-ounce  vial.  This  folution  is 
flronger  than  that  which  was  ufed  either 
by  Dr,  Monro  dr  Dr.  Alexander.  A 
weaker  was  prepared  by  mixing  equal 
parts  of  this  folution  and  water 

After  fecuring  the  aorta  by  ligature  in 
5  2  frogs  of  different  fizes,  a  few  drops  of 
the  ftrong  folution  of  opium  was  injeded 
into  the  heart  of  each.  It  immediately 
ceafed  moving.  This,  however,  was  not 
followed  by  the  flighted:  convulfion  in  any 
part  of  the  body, 

The 


*  In  many  of  the  following  experiments,  it  is  of 
no  confeqnence  to  know  the  flrength  of  the  folution 
employed ;  it  is  not  therefore  attended  to  in  thefe. 


y 


% 


The  frogs  all  died  in  exa6tty  the  fame 
manner  as  thefe  animals  do  when  the 
heart  is  cut  out ;  that  is,  when  the  cir¬ 
culation  is  interrupted,  and  when  they 
lofe  as  much  blood  as  in  this  experiment. . 
I  could  not  perceive  that  the  injedlion  of 
the  folution  had  any  effedl,  but  that  of 
putting  a  flop  to  the  motion  of  the 
heart. 

t 

■-T  ✓ 

The  irritability  of  the  mufcles  of  vo¬ 
luntary  motion,  after  death,  was  found, . 
in  all  of  thefe  frogs,  as  entire  as  it  is  after 
any  death  equally  lingering.  ^ 

A  fimilar  experiment  was  made  in  the 
following  manner  :  After  dividing  the 
aorta  in  ten  frogs,  moft  of  them  full 
grown,  a  few  drops  of  a  folution  of  opium, 
(not  quite  fo  ftrong  as  that  ufed  in  the 
laft  experiment),  were  thrown  into  the 

D  heart 


4 


(  50  ) 


heart  of  each.  Its  contradlions  inftantly 
ceafed,  but  no  convulfions  fupervened. 

I  have  neglected,  I  find,  to  mention 
in  my  notes  the  degree  of  irritability  re¬ 
maining,  after  death,  in  the  mufcles  of 
thefe  frogs.  I  feldom  or  never  failed  to 
examine  it,  however,  and  I  recoiled:,  that 
in  all  experiments  of  this  kind,  that  is, 
in  which  a  Solution  of  opium  was  inject¬ 
ed  into  the  heart,  after  dividing  the  aorta, 
or  fecuring  it  by  ligature,  the  mufcles  of 
voluntary  motion  were  readily  thrown  in¬ 
to  contractions,  after  death,  by  irritating 
\ 

the  nerves  which  terminate  in  them. 

A  circumftance  which  occurred  in  ma¬ 
king  this  experiment,  ferves,  in  fome 
meafure,  to  account  for  others  having 
met  with  a  different  refult  from  it.  Ha¬ 
ving  divided  the  aorta,  as  I  imagined, 
2  and 
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and  inje£ted  fome  drops  of  the  folution 
into  the  heart  of  a  frog,  I  was  furpri- 
fed  to  obferve,  (contrary  to  what  hap¬ 
pened  in  the  experiment  juft  related), 
the  animal  feized  with  univerfal  convul- 
fions. 

On  examining  the  part  of  the  aorta, 
however,  at  which  the  cut  had  been 
made,  the  caufe  of  this  difference  of  re- 
fult  appeared  very  evident.  I  had  not 
completely  divided  the  artery,  the  two 
ends  ftill  adhered  by  a  flight  connexion 
on  the  inner  fide  of  the  veflel ;  and  as 
the  elafticity  of  its  fides  preferved  its  ca¬ 
vity,  any  fluid  injefted  into  the  heart 
muft  in  part  have  paffed  along  this  veflel 
to  the  brain.  The  confequence  would 
have  been  the  fame,  it  is  evident,  had  the 
cut  ends  of  the  veffel  been  kept  applied, 

D  2 


or 
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or  nearly  fo,  by  cellular  membrane,  or 
any  other  means. 


I  accidentally  obferved,  in  more  than 
one  inflance,  that  convulfions  did  not  fu- 
pervene,  when  the  folution  was  injedled 
into  the  heart  in  very  fmall  quanti¬ 
ty,  and  with  very  little  force,  although 
the  aorta  was  neither  divided  nor  fecu- 
red  by  ligature.  This  mode  of  making 
the  experiment  is  certainly  more  conclu- 
five  than  either  of  the  foregoing ;  fince 
many  of  the  nerves  of  the  heart  pafs  fo 
near  the  aorta,  that  they  muft  fhare  its 
fate,  when  we  divide  or  throw  a  ligature 
around  this  veffel. 


But  it  is  aimoft  impoliible  to  repeat 
the  experiment  frequently  in  this  way  with 
the  fame  refult.  It  is  difficult  to  injefi: 
the  folution  in  fuch  a  manner,  that  no  part 
2  '  of 


cf  it  may  pafs  into  the  aorta,  or  always 
to  determine  whether  it  does  fo  or  not 

This,  however,  fuggefted  another  mode 

of  making  the  experiment,  which  feems 

\ 

perfectly  conclulive. 

I  flit  the  heart  in  fix  frogs.  Notwith- 
ftanding  its  contents  were  thus  inflantly 

D  3  evacuated, 


^  This  mode  of  making  the  experiment,  although' 
its  refult  is  not  always  uniform,  ought  perhaps  to 
'  be  regarded  as  fufficiently  conclulive.  When  con- 
vullions  follow  the  injedion  of  the  folution,  we  can 
teadily  account  for  their  doing  fo,  independent  of  any 
adion  of  the  opium  on  the  nerves  of  the  heart.  And 
when  they  do  not,  how  are  thofe,  who  attribute  thefe 
corivulfions  to  what  is  termed  fympathy  of  the 
nerves,  to  account  for  their  abfence,  when  the  fo¬ 
lution  is  injeded  into  the  heart,  while  the  nerves  of 
that  organ,  and  thofe  of  every  other  part  of  the  fyf- 
tem,  remain  entire  ? 
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evacuated,  it  continued  to  contrad  with 
vigour.  A  little  of  the  fame  folution  ufed 
in  the  laft  experiment  was  then  dropped 
into  it. 

No  part  of  the  folution,  applied  in  this 
way,  can  be  fent  through  the  arteries  to 
the  brain ;  but  as  all  the  nerves  are  left 
entire  and  uncompreiTed,  if  the  convul- 
fions  which  follow  the  injection  of  opi¬ 
um  into  the  heart  depend  on  any  a£tion 
of  that  drug  on  the  nervous  fyftem,  they 
/  ought  to  be  obferved  in  this  experi¬ 
ment. 

On  dropping  the  folution  into  the  heart, 
it  immediately  ceafed  moving,  but  no 
convulfions  fupervened. 

Left  it  fliould  be  faid,  that '  putting  a 
flop  to  the  circulation  in  the  above  expe¬ 
riments, 
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iiments,  prevented  the  nervous  fyftem 
from  undergoing  the  changes  necellary 

for  producing  convulfions,  the  following 
was  made* 


The  aorta  in  four  frogs  was  fecured  by 
ligature,  and  the  auricle  wounded  fo  as 
to  permit  the  blood  to  efcape  ;  in  other 
two,  a  ligature  was  thrown  around  all  the 
veffels  attached  to  the  heart ;  and  this  or¬ 
gan  was  removed.  The  fcull  of  each  was 
then  perforated ;  and,  after  wounding 

I 

the  brain  in  the  firft  four,  a  little  of  the 
weaker  folution  was  dropped  into  it.  In 
the  other  two,  a  few  drops  of  a  ftronger 
folution  were  applied  to  the  furface  of  the 
brain. 


In  all  of  them  the  mufcles  of  volun¬ 
tary  motion  were  feized  with  the  moft 
violent  convulfions.  They  died,  with 

D  4  '  precifely 
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precifely  the  fame  fymptoms  which  fol^ 
low  the  injeftion  of  opium  into  the  heart, 
when  it  pafses  along  the  aorta. 

On  examining  the  ftate  of  the  mufcles 
after  death,  in  the  firft  four  frogs,  their 
irritability  was  found  much  impaired.  I 
either  did  not  examine  the  ftate  of  the 
mufcles,  after  death,  in  the  other  tw^o  frogs, 
on  which  the  experiment  was  made  at  a 
different  time,  or  negleded  to  take  notice 
of  it  in  my  notes. 

The  frogs  ufed  in  this  experiment 
were  of  different  fizes ;  two  of  the  firft 
four  were  full  grown. 

From  thefe  experiments,  then,  it  ap¬ 
pears,  that  opium,  applied  to  the  heart, 
is  not  capable  of  afleding  any  diftant  part, 

through 
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through  the  medium  of  the  nervous  fyf- 
tem. 

Another  perplexity,  however,  relating 
to  the  action  of  opium  on  the  heart,  flill 
remains  to  be  unravelled. 

Dr.  Monro,  it  has  been  obferved, 
found,  that,  by  throwing  a  folution  of  opi¬ 
um  into  the  cavity  of  the  abdomen  of  a 
frog,  the  motion  of  the  heart  is  almoft 
immediately  rendered  lefs  frequent ;  from 
which  this  author  concluded,  and  cer¬ 
tainly  not  without  reafon,  that  opium, 
applied  to  a  diftant  part  of  the  body,  af- 
feds  the  motion  of  the  heart  through  the 
medium  of  the  nervous  fyflem. 

I 

As  this  conclufion,  however,  contra¬ 
dicts  the  refult  of  an  experiment  of  Fon- 

\ 

tana’s,  above  related,  which  w^as  repeated 

much 
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much  more  frequently  than  Dr.  Monro's, 
I  fufpedled  that  there  had  been  fome  fal¬ 
lacy  in  the  latter. 

I  therefore  repeated  Dr.  Monro’s  ex¬ 
periment  more  than  once,  but  found  the 
refult  as  he  has  dated  it.  The  beating 
of  the  heart  became  lefs  frequent,  .almoft 
immediately  on  injeding  the  folution  into 
the  cavity  of  the  abdomen. 

It  was  dill  plain,  however,  that  both 
the  concludon  which  has  been  drawn 
from  this  experiment,  and  that  which 
Fontana  draws  from  his,  could  not  be 
jud,  as  they  diredly  contradid  each 
other. 

There  feemed  little  doubt  of  the  judnefs 
of  Fontana’s  concludon.  That  of  the  other 
appeared  more  quedionable.  In  the  for- 

\ 

\ 


mer, 
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m^r,  it  is  dnly  maintained,  that  a  certain 

efFed  is  not  produced  by  the  opium,  be- 

caufe  it  is  not  obferved  to  follow  its  ex- 
« 

hibitipn ;  in  the  latter,  it  is  not  only 
maintained,  that  the  opium  produces  a 
certain  efFe6t  conftantly  obferved  to  fol¬ 
low  its  exhibition,  (an'  inference  indeed 
as  juft  as  the  other)  ;  but  that  it  produces 
this  effeft  in  a  particular  way* 

Thefe  circumftances  led  me  to  confider, 
whether  or  not  there  is  any  other  way, 
in  which  a  folution  of  opium,  injeded 
into  the  cavity  of  the  abdomen,  can  be 
fuppofed  to  influence  the  motion  of  the 
heart,  befides  through  the  medium  of 
the  nervous  fyftem,  or  that  of  the  ab- 
forbents* 

A  conjedure  occurred  to  me,  which  is 

0- 

confirmed 


f 


C  ) 

confirmed  By  feveral  of  the  following  ex¬ 
periments,  namely,  that  opium  applied 
to  the  coats  of  the  blodd-vefsels,  by  de- 
ftroying  their  mufcular  power,  (opium,  it 
was  found,  deftroys  the  power  of  adtion 
in  all  mufcles  to  which  it  is  immediately 
applied),  mull  affedl:  the  circulation  in 
thefe  vefsels  ;  and  confequently,  thrown 
into  the  cavity  of  the  abdomen,  influ¬ 
ence  the  motion  of  the  heart,  by  impe- 

•k 

ding,  or  entirely  interrupting,  that  of 
the  blood,  in  nearly  one  third  of  the 
whole  animal ;  By  which  the  fupply  to 
the  heart  is  diminifhed,  and  a  greater  than 
iifual  obftacle  oppofed  to  its  perfedt  eva¬ 
cuation. 


The  firll  circumftance,  then,  to  be  af- 
certained,  is,  whether  opium  applied  im¬ 
mediately,  or  nearly  fo,  to  the  blood-wef- 
fels  of  a  living  animal,  impedes,  or  wholly 

interrupts. 
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interrupts,  the  circulation  in  thfefe  vefsels, 
independent  of  any  general  affedion  of 
the  fyftem. 

/ 

It  is  to  be  obferved,  that  in  the  follow-^ 
ing  experiment,  the  opium  is  not  applied 
immediately  to  the  coats  of  the  bloodr 
vefsels,  but  injeded  into  a  cavity,  be¬ 
tween  which  and  thefe  vefsels  a  denfc 
membrane  of  cellular  fubftance  is  inter-t 
pofed.  The  fkin  of  a  frog,  except  in  a 
few  places,  (chiefly  the  joints),  does  not 
adhere  to  the  parts  which  lie  beneath  it, 

I 

Haying  adapted  the  web  of' a  frog’s 
foot  to  a  microfcope,  I  injeded  eight  or 
ten  drops  of  a  folution,  (nearly  as  ftrong 
as  the  ftronger  folution),  under  the  ikin 
of  the  leg. 

In  a  few  feconds  the  circulation  be¬ 


came 
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came  languid,  and  no  motion  could  be 
perceived  in  fome  of  the  larger  blood- 
veffels.  It  gradually  became  more  ob- 
fcure  in  the  reft,  till,  in  the  fpace  of 
about  two  or  three  minutes  after  the  in- 
jeftion  of  the  opium,  it  ceafed  altoge¬ 
ther.  Nor  did  this  interruption  of  the 
circulation  proceed  from  any  general  af- 
fecftion  of  the  fyftem,  lince  the  motion  of 
the  blood  ftill  continued  in  the  other 
foot. 

Left  it  might  be  fufpeded  that  in  ap¬ 
plying  the  foot  to  the  inftr ament,  the 
veflels  were  comprelTed,  it  is  proper  to 
obferve,  that  the  circulation  in  the 
foot  after  it  was  applied  to  the  mi- 
crofcope,  continued  as  vigorous  as  natural, 
till  the  folution  was  injefted.  On  ano¬ 
ther  occafion,  indeed,  I  have  obferved, 
the  circulation  in  the  foot  of  a  frog,  ap¬ 
plied 


r 


(  63  ,) 

plied  in  the  fame  way  to  the  fame  mi- 
crofcope,  vigorous  for  feveral  hours. 

\ 

This  experiment  was  made  three  times, 
in  the  fame  manner,  and  with  the  fame 
refult. 

After  determining  that  epium  is  ca¬ 
pable  of  interrupting  the  circulation  in 
the  part  to  which  it  is  immediately  ap¬ 
plied,  independent  of  any  general  affec¬ 
tion  of  the  fyftem ;  all  that  is  neceffary 
in  order  to  afcertain  whether  it  is  in  this 
way  that  it  fuddenly  affects  the  motion  of 
the  heart,  when  thrown  into  the  cavity  of 
the  abdomen,  is  to  interrupt  the  circula¬ 
tion,  and  obferve  the  effeds  of  this  drug 
applied  in  the  fame  way,  when  it  can  on¬ 
ly  ad  on  diftant  parts,  through  the  me¬ 
dium  of  the  nervous  fyflem. 


The 
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The  fundions  of  this  fyftem,  it  has  al¬ 
ready  been  obferved,  are  not  impaired  in 
the  frog,  for  a  confiderable  time  after  the 
circulation  is  interrupted 

I  flit  the  heart  in  flx  frogs,  fo  as  to  per¬ 
mit  the  blood  to  efcape  freely ;  and  in  a- 
bout  a  minute  after,  threw  eight  or  ten 

drops 


*  It  may  feem  that  I  ihould,  in  the  firll  place, 
have  ftiewn,  that  diminifhing  the  quantity  of  blood, 
fupplied  to  the  heart,  is  capable  of  diminiihing  the 
frequency  of  its  contradlions.  An,  experiment  of 
this  kind  is  perhaps  unneceffary,  as  the  fadt  which 
it  goes  to  prove  is  fo  generally  admitted.  But,  that 
nothing  may  feem  taken  for  granted,  it  will  be  found 
in  the  following  experiment,  that,  after  the  ventricle 
of  the  heart  was  wounded,  and  thus  a  great  part  of 
the  blood  evacuated,  the  flruggles  of  the  animal, 
which  increafed  the  flow  of  blood  to  the  heart,  ne¬ 
ver  failed  at  the  fame  time  to  increafe  the  frequency 
of  its  contradlions. 
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drops  of  the  fame  folution,  ufed  in  the  laft 
'  experiment,  into  the  cavity  of  the  abdo¬ 
men,  moving  the  tube,  with  which  the 
inje6tion  was  made,  in  various  diredions, 
that  the  folution  might  be  applied  as  ge* 

i  ^ 

herally  as  poffible.  Little  or  none  was  re* 
turned. 

In  three  of  the  frogs,  the  frequency  of 

« 

the  heart’s  motion  was  the  fame  after  as 

( 

before  the  injection  of  the  folution ;  in  the 
other  three,  it  became  lefs  frequent  about 

f 

a  minute  after  it; 

» 

There  is  room  for  Confiderable  fallacy 
in  this  experiment.  Cutting  the  heart 
may  render  its  contractions  more  fre- 
quent  than  natural,  and  confequently 

their  frequency  will  diminiflr  more  ra- 

* 

pidly  than  when  the  heart  is  left  entire. 
Befides,  I  always  obferved,  that  the  ftrug- 
gle^  of  the  animal,  increafmg  the  fupply 

E  of 


of  blood  to  the  heart,  increafed  the  fre-» 
quency  of  its  contractions ;  and  as  this 
fupply  was  always  becoming  lefs,  their 

it 

frequency,  on  this  account  alfo,  would 
be  conftantly  diminifhing.  It  is  extreme¬ 
ly  probable,  that  the  diminifhed  frequen¬ 
cy  of  the  heart’s  motion,  in  three  of  the 
frogs,  was  not  the  efFe£l  of  the  opium, 
lince  it  did  not  produce  the  fame  effe6l 
in  the  other  three. 

As  it  is  poffible,  however,  that  fome 
unperceived  circumftances  might  have 
counterailed  the  effefts  of  the  opium  on 
the  firft  three  frogs,  it  was  neceffary  to 
repeat  the  experiment  in  a  more  conclu- 
five  manner. 

I  obferved,  that  although,  on  fecuring 
the  aorta  by  ligature,  the  heart  is  imme¬ 
diately  diftended  with  blood  to  a  great  de¬ 
gree,  the  frequency  with  which  it  beats 


X 


alter 


after  the  operation,  continues  the  fame, 
or  nearly  fo;  for  the  fpace  of  four  or  five' 
minutes.  It  is  increafed  when  the  ani* 
mal  ftruggles ;  but  there  feemed  no  other 
circumftance  to  influence  the  refult  of  the 
lafl  experiment,  performed  in  this  way; 
and  it  was  eafy  to  make  allowance  for 
this. 

After  fecuring  the  aorta  by  <  ligature, 
therefore,  infix  frogs,  and  counting f he 

i' 

beats  of  the  heart,  eight  or  ten,  and  in 
fome  fourteen  or  fixteen,  drops  of  the 
fame  folution  ufed  in  the  lafl  experiment, 
were  injefted  into  the  cavity  of  the  ab¬ 
domen,  the  tube  being  moved  in  various 
directions,  as  formerly.  Little  or  none 
was  returned. 

When  the  animal  flruggled,  which  mofl 
of  them  did  the  moment  the  injection 
was  made,  the  frequency  of  the  heart’s 

E  2  motion 
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motion  was  for  a  little  increafed.  With 
this  exception,  it  continued,  in  all  of 
them,  to  beat  with  the  fame  frequency 
after  as  before  the  injeftion  of  the  folu- 
tion,  for  the  fpace  of  four  or  five  mi¬ 
nutes  ;  at  the  end  of  this  time,  it  began 
to  lofe  feveral  beats  in  the  minute ;  but 
this  was  the  confequence  of  fecuring  the 
aorta,  as  I  found  by  fecuring  this  veifel 
in  other  three  frogs,  without  injefling  any 
of  the  folution 

The  inference  from  thefe  experiments 
is,  that  the  diminiflied  frequency  of  the 
heart’s  motion,  obferved  almoft  imme¬ 
diately  on  throwing  a  folution  of  opium 
into  the  cavity  of  the  abdomen,  does  not 

proceed 

The  two  latter  experiments  were  made,  becaufe, 
in  Fontana’s  above  alluded  to,  the  opium  was  applied 
only  to  the  itomach  and  inteftines,  while,  in  Dr.  Mon¬ 
ro’s,  it  was  thrown  into  the  cavity  of  the  abdomen, 
which  might  appear  to  fome,  perhaps,  fufficient  to  ac¬ 
count  for  the  difference  of  their  refults. 
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proceed  from  any  action  of  the  opium  ' 
on  this  organ,  through  the  medium  of 
the  nervous  fyftem,  biit  from  its  impe¬ 
ding,  or  entirely  interrupting,  the  circula¬ 
tion,  in  nearly  one  third  of  the  whole' 
animal. 

I 

Opium  immediately  applied,  even  to 
the  brain  itfelf,  although  it  excites  vio¬ 
lent  and  univerfal  convuhions  in  the  muf- 
cles  of  voluntary  motion,  feems,  from 
the  following  experiments,  incapable ‘of 
at  all  affeding  the  contractions  of  the 
heart. 

I  removed  a  piece  of  the  cranium  in 

two  rabbits,  about  the  fize  of  a  fix- 

pence,  and  as  much  of  the  dura  and  pia 

mater  as  I  could,  without  injuring  the- 

brain.  'After  replacing  the  teguments, 

$ 

and  joining  the  lips  of  the  wound  by  a 

E  3  future, 
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future,  about  a  drachm  and  a  half  of 
a  folution  of  opium  in  water  was  iiv 
jeded  under  the  fkin.  This  mode  of  ap¬ 
plying  the  opium  to  the  brain  I  found 
very  convenient ;  it  was  fuggefted  to  me 
by  a  gentleman  prefent  when  I  made  this 
experiment. 

✓ 

Soon  after  the  injeftion  of  the  opium, 
the  animals  were  feized  with  violent  con- 
vulfions.  But  the  motion  of  the  heart, 
which  I  examined  from  time  to  time, 
was  not  in  the  leaft  affecSed,  except  that 
it  became  more  frequent  when  the  muf- 
cles  of  the  limbs  were  alternately  contrad- 
ed  and  relaxed. 

In  the  fpace  of  fome  hours,  the  animals 
were  reduced  to  a  ftate  of  great  debility, 
the  mufcles  of  voluntary  motion  being 

affefted  with  a  degree  of  paralyfis.  But 

the 


•  i  y 

the  motion  of  the  heart  ftill  continued 
ftrong  and  regular. 

( 

I 

« 

I  thought  I  felt  a  flight  irregularity  in 
its  motion  in  one  of  thefe  tabbits,  about 
an  hour  before  its  death,  near  twenty- 
four  hours  after  the  folution  of  opium 
was  injeded.  This  I  could  not  again 
perceive,  although  I  frequently  exami- 
ned  the  motion  of  the  heart  after-* 
wards.  • 

On  opening  the  thorax  of  this  rabbit,  'a 

t  ^ 

few  feconds  after  its  death, 'I  found  the 
heart  contrading  regularly.  The  con- 

tradions  of  the  ventricles  continued  for 

* 

near  ten  minutes,  gradually  becoming  lefs 
vigorous.  Thofe  of  the  auricles  were  feeii 
for  a  much  longer  time. 

This  rabbit  had  been  confiderably  debi- 

E  4  iitated 
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litated  the  day  before  the  experiment,  by 
a  quantity  of  opium  thrown  into  its  fto-^ 
mach. 

The  other  was  quite  healthy,  and  had 
rather  more  of  the  folution  applied  to  its 
brain.  It  died  in  nine  hours. 

The  heart  of  this  rabbit  beat  ftrongly, 
and  with  perfect  regularity,  both  during 
the  fpalms,  and  fubfequent  paralyhs  of 
the  limbs.  It  was  at  laft  feized  with  un¬ 
commonly  ftrong  convuhions,  in  which  it 
almoft  inftantly  expired. 

Immediately  after  its  death,  I  applied 
my  hand  to  the  thorax,  and  felt  the  heart 
beating  regularly  for  a  few  feconds.  Its 
beats,  when  the  hand  was  firft  applied, 
were  little  inferior  in  ftrength  to  thofe  of 
the  heart  of  a  healthy  rabbit.  In  the  other, 
2  the 
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the  motion  of  the  heart  could  not  be  per-r 
ceived,  after  death,  from  'the  outfide  of 
the  thorax. 

\ 

It  is  a  curious  circumftance,-  that  at 
the  time,  the  animals  ufed  in  this  expe¬ 
riment  were  thrown  into,  convulfions  by 

'  /* 

the  llighteft  touch,  their  fenfibility  was 
fo  much  impaired,  ,  that  •  on  t-unning  a 
knife  through  the  foot  of  one  of  them, 
it  fliowed  no  figns  of  pain ;  only  darting 
convuhively,  as  it  ’did  -when  touched  with 
the  finger,  ■  ^  \ 

t 

After  removing  a  part  of  the  cranium 
and  laying  open  the  thorax,  in  feven  frogs, 
a  little  of  a  folution  of  opium  was  applied 
to  the  brain,  the  mufcles  of  voluntary 
motion  were  foon  feized  with  the  moft 
violent  fpafms ;  but  the  motion  of  the 
heart  continued  perfectly  natural,  except 
^  when 


It 


(  74  ) 

when  difturbed  by  the  convulfions  of  the 
trunk  and  limbs. 

It  has  been  obferved,  that,  during  the 
remiflions  of  thefe  convulfions,  a  very 
flight  irritation  is  capable  of  renewing 
them.  But  on  irritating  the  heart, 
even  roughly,  in  this  experiment,  no  ir¬ 
regular  contraftions  could  be  excited 
in  it. 

Dr.  Monro  informed  me,  that  he  had, 
for  fome  years  paft,  performed  the  fol¬ 
lowing  experiment  publicly  in  his  Anato¬ 
mical  Theatre.  ‘ 

He  injected  a  folution  of  opium  in  wa¬ 
ter,  through  a  hole  made  in  the  cranium 
of  a  frog,  in  fuch  a  manner  that  it  palTed 
along  the  fpinal  marrow,  and  part  of  it 

came  out  at  a  hole  made  in  the  lower  end 

of 
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of  the  fpine.  By  this  mode  of  applying 
the  opium,  the  animal  was  inftamly 
killed.  '  . 

;  y  ' 

An  experiment,  in  'which  the  nervous 
fyftem  is  fo  completely  deranged  by  the 
adtion  of  opium,  feemed  well  fitted  for. 
determining,  w^hether  this  drug,  applied 
to  the  brain  and  fpinal  marrow,'  is  ca¬ 
pable  of  diredUy  influencing  the  motion 
of  the  heart.  I  therefore  repeated  the 

experiment  in  the  following  manner. 

,  "  ! 

\  '  *  ■'  r  ■  ■  *  ‘  , 

A  hole  was  made  in  the  cranium,  and 
another  in  the  lower  end  of  the  fpine,  in 
eight  frogs ;  a  ftrong  folution  of  opium, 
in  water,  was  then  injedted  through  the 
hole  made  in  the  cranium,  in  fuch  a  man¬ 
ner  that  it  pafTed  along  the  fpinal  marrow, 
and  part  of  it  came  out  by  the  hole  in  the 
fpine. 


Moll 
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Moft  of  the  frogs  were  deprived 
of  fenfe  and  motion  as  foon  as  the  folu- 
tion  was  inje£led ;  in  two  or  three  it 
was  neceflary  to  repeat  the  injection  be¬ 
fore  the  fame  effedt  was  produced  on 
them  ^-and  although  they  all  appeared 
for  fome  time  quite  dead,  in  the  fpace 
of  two  or  three  minutes  moft  of  them 
were  feized  with  a  trembling  in  the 
limbs,  and  fome  with  ftrong  fpafms, 
which,  during  their  intermiihons,  were 
not  renewec^  by  a  flight  irritation,  as  thofe 
are  which  follow  the  application  of  opi¬ 
um  to  the  brain  only.  I  obferved,  how¬ 
ever,  that  when  they  had  not  previoufly 
taken  place,  they  were  often  excited 
by  laying  open  the  thorax.  This  was 
done  in  all  the  frogs  ufed  in  this  ex¬ 
periment  ;  and  in  thofe  in  whom  it  ex¬ 
cited  convulfions,  or  trembling,  as  well 
as  in  thofe  in  which  no  motion  whatever 


in 
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s'  “■ 

i '  in  the  mufcles  of  the  trunk  or  limbs  took 
place,  after  the  injedtion  of  the  folution, 
the  motion  of  the  heart  was  found  as  vi¬ 
gorous  as  it  is  in  healthy  frogs 

The  folution  ufed  in  this  experiment 
muft  be  fufhciently  llrong  to  deprive  the 
animal  of  motion,  at  leaft  till  the  thorax 

'  is 

■  itiii.ii  .  . ■...■■■-I,. — —  -■  — -  - ,  .  . 

*  A  gentleman,  who  was  prefent  when  I  was  ma¬ 
king  this  experiment,  having  prepared  a  frog  in  the  a- 

") 

hove  manner,  in je£led  the  cauftic  volatile  alkali  inftead 
of  the  folution  of  opium.  This  alfo  inllantly  deprived 
the  animal,  of  fenfe  and  motion  :  he  then  laid  open  the 
thorax,  and  (hewed  me  the  heart  uncommonly  pale,  and 
its  motion  conliderably  weaker  than  that  of  the  heart 
in  a  healthy  rabbit.  I  was  inclined  to  attribute  this 
affeftion  of  the  heart,  however,  to  the  acrid  vapour 
of  the  alkali,  (in  which  the  frog  was  immerfed,  and 
which  affefted  the  eyes  violently  while  we  were  exa¬ 
mining  the  animal),  being  applied  to  this  organ  as 
foon  as  the,  thorax  was  laid  open.  I  therefore  laid 

open 

0 
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is  laid  open ;  for  I  found  in  feveral  other 
trials,  that  the  uncommonly  ftrong 
fpafms  induced  on  the  limbs,  when 

this  is  not  the  cafe,  by  rendering  the 

/ 

circulation  very  irregular,  and  often,  for 
fome  feconds,  wholly  interrupting  it, 
greatly  deranges  the  motion  of  the  heart, 
by  gorging  it  wdth  blood ;  and  feldom 
fails,  more  or  lefs,  to  impair  its  vigour. 
So  that,  what  at  firft  fight  might  feem  a 
paradox,  a  fmall  quantity  of  opium,  ap¬ 
plied 


open  the  thorax  of  a  healthy  frog,  and  expofed  its 
heart  to  the  fame  vapour,  which  immediately  pro¬ 
duced  on  it  precifely  the  fame  effects.  We  then  re¬ 
peated  the  above  experiment  in  the  following  man¬ 
ner  ;  Having  injefted  the  cauftic  volatile  alkali  as 
iormerly,  the  animal  was  inftantly  deprived  of  fenfe 
and  motion.  It  was  then  carefully  walked,  that  the 
vapour  of  the  alkali,  after  the  thorax  was  laid  open, 
might  not  be  applied  to  the  heart,  which  was  now 
found  as  vigorous  as  that  of  a  healthy  frog. 
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plied  in  this  way,  enfeebles  the  motion  of 
the  heart,  while  a  larger  quantity  is  inca¬ 
pable  of  at  all  alFedting  it. 

j 

/ 

The  following  manner  of  making  this 
experiment  is  perhaps  more  conclufive : 
After  making  a  hole  in  the  cranium,  and 
another  in  the  lower  part  of  the  fpihe, 
the  thorax  was  laid  open,  and  the  motion 
of  the  heart  carefully  obferved  in  feven 
frogs ;  the  folution  was  then  injeded  as 
formerly,  by  which  the  animals  were 
inftantly  deprived  of  voluntary  motion, 
and  appeared  quite  dead  ;  but  the  motion 
of  the  heart  was  not  in  the  lead  affeded  ; 
it  continued  with  the  fame  frequency 
and  vigour,  as  before  the  inje6tion  of  the 
folution. 

t 

All  the  frogs  ufed  in  this  experiment, 
fome  time  after  the  injection  of  the  fo¬ 
lution, 
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lution,  were  feized  with  trembling,  or  com 

vulfions,  in  the  trunk  and  extremities* 

% 

I  may  obferve,  by  the  bye,  that  al¬ 
though  irritating  the  brain  mechanically, 
(like  the  application  of  opium  to  this  or- 
gan),  produces  violent  and  uihverfal 
convulfions  in  the  mufcles  of  voluntary 
motion,  both  in  frogs  and  rabbits  5  yet  I 
have  found,  that  in  neither  the  one  nor 

the  other  it  affeSis  the  motion  of  the 

> 

heart  It  would  be  digreffing  too  far  to 
confider  fully  the  inferences  which  thefe 
and  many  fimilar  obfervations  feem  tO 
warrant. 


It  is  fufficient,  in  the  mean  time, 
to  obferve,  that  from  the  experiments 

which 


*  Fontana  makes  the  fame  obfervation  refpei^ing 
frogs. 
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^  ' 

which  have  been  related,  we  arrive  at  this 

concluiion,  that  opium,  applied  to  a  dif- 
tant  part  of  the  bddy,  does  not  afFe6t  the 
motion'  of  the  heart,  through  the  me¬ 
dium  of  the  nervous  fyftem^  nor,  on  the 
other  hand,  does  opium,  applied  to  the 
.  heart,  afFe6t  any  other  part  of  the  body, 
through  the  fame  niechum. 

^  Blit  the  heart  is  not  the  only  mufcle 
which  opium,  applied  to  a  diftant  part, 
feems  incapable  of  affefting,  through  the 
medium  of  the  nervous  fyftem. 

N; 

.  Many  confiderations  render  it  highly 
% 

probable,  that  the  fame  is  true  of  all  the 
mufcles  of  involuntary  motion,  without 
exception.  That  it  is  fo  of  the  mufou- 
lar  coat  qf  the  alimentary  canal,  which, 
next  to  the  heart,  may  be  confidered  the 

F  chief 

/ 
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chief  of  this  clafs  of  mufcles,  appears  from 
the  following  experiment. 

The  abdomen  in  feveral  healthy  rab¬ 
bits  was  laid  open,  and  the  periftaltic 
motion  of  the  inteftines,  which  became 
very  confiderable  a  few  feconds  after  they 
were  expofed  to  the  air,  carefully  obferved. 

A  large  portion  of  the  cranium  was 
removed  in  another  rabbit,  and  the  brain 
cut  acrofs  its  whole  depth,  in  three  di- 
redions.  A  fmall  part  of  it  alfo,  which, 
after  the  cuts  were  made,  projeded  be¬ 
yond  the  edges ^ of  the  bone,  was  remo- 

/ 

ved.  A  folution  of  opium  in 'water  was 
then  injeded  into  the  brain,  by  means 
of  a  fmall  tube  palfed  in  various  direc¬ 
tions  through  its  fubftance. 

I 

This  was  immediately  followed  by  the 

moft 
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trioft  violent  and  iiniverfal  convulfiohs  of 
the  mufcles  of  voluntary  motion,  ‘which, 
in  the  fpaee  of  a  minute  or  two,'  became 
quite,  rigid,  and  as  hard  as  a  piece  .of 
board.  The  animal  lay  with  its  head 
drawn  back,  its  limbs  extended,  in  fhort, 
affeded  with  violent  arid  complete  teta¬ 
nus.  .  .  . 

In  this  fituation,  its  abdomen  was  laid 

open,  and  the  periftaltic  motion  of  the 

inteftines  found,  in  all  refpeds,  fimilar 

» 

to  that  obferved  in  the  other  rabbits  ufed 
in  this  experiment  i  I  could  not  perceive 
that  it  was  ftronger  or  weaker,  more  or 
lefs  irregular,  in  the  one  cafe  than  in  the 
other.  _ 

On  examining  this -rabbit,  twenty-five 
minutes  after  thq  folution  was  injeded 
into  its  brain,  the  mufcles  of  voluntary 

F  2  '  motion 
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motion  were  found  quite  flaccid,  and  the 
animal  dead.  The  motion  of  the  intef- 
tines,  however,  was  flill  flrong  in  many 
parts  of  their  tra£t,  and  contiimed  fo  for 
thirty-fix  minutes  longer,  during  which 
time  I  obferved  it.  It  was  not  again  exa¬ 
mined  till  forty-four  minutes  afterwards ; 
the  inteftines  were  then  cold  and  motion- 
lefs. 

In  making  this  experiment,  it  is  to  be 
obferved,  that  handling  the  inteftines 
throws  them  into  violent  fpafms,  whe¬ 
ther  opium  be  applied  to  the  brain  or 
not ;  and  that  thofe  parts  which  are  moft 
expofed  to  the  air  lofe  their  motion  foon- 
eft  :  fo  that  it  is  neceflary  to  raife  thefe, 
and  examine  the  parts  which  lie  beneath 
them,  if  we  wifli  to  afcertain  how  long 
the  periftaltic  motion  continues. 


This, 
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0 

This  motion,  I  may  obferve,  like  that 
of  the  heart,  is  not  in  the  lead  ,afFe<d- 
ed  by  mechanically  irritating  the  brain. 
In  making  this  experiment,  the  ani¬ 
mal  muft  ^  be  well  fecurfed,  other  wife 
the  violent  convulfions,  'induced  on  the 
mufcles  of  the  limbs  by  toffing  the 
inteftines,  will  increafe  the  petiftaltic 
motion. 

’■  * 

It  has  been  fliewn,  that  opium,  ap¬ 
plied  to  the  external  furface  of  the  heart, 
very  little,  if  at  all,  affefts  the  mufcular 
power  of  this  organ ;  applied,  in  cohli- 
derable  quantity,'  to  its  internal  furface, 
it  immediately  deftroys  it.  In  like  man¬ 
ner,  applied  to  the  external  furface  of 
the  inteftines,  I  could  not  be  certain 

I 

that  it  all  diminifhed  the  periftaltic  mo¬ 
tion  :  on  injefting  it  into  their  cavi- 

F  3  ty, 
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ty,  they  almoft  inftantly  became  para¬ 
lytic-^. 


•  Gn  comparing  the  experiments  which 
have  been  related,  particularly  the  firft 
related,  with  thofe  in  which  opium  thrown 
into  the  ftomach  and  inteftines,  cavity  of 
the  abdomen,  &c.  is  found  to  produce 
convullions,  it  appeared  probable,  that 
in  the  latter  cafes,  as  in  the  former,  the 
convuliions  do  not  proceed  from  any 
adtion  of  the  opium  on  the  nerves  of  the 
part  to  which  we  apply  it,  but  from  its 
being  received  into  the  fanguiferous 
fyftem,  and  immediately  applied  to  the 
brain. 

And 


*  From  this  efFeft  of  opium  on  the  internal  furfacc 
of  the  inteftines,  we  are  at  no  lofs  to  account  for  the 
coftivenefs  which  attends  the  ufe  of  this  drug. 
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And  this  conjedure  appeared  the  more 
,  probable,  as  the  convulfions  do  not  fu- 
pervene  for  a  confiderable  time  after  the 
exhibition  of  the  opium,  except  when  it 
is  thrown  into  the  fanguiferous  fyftem, 
or  applied  to  •the  brain  itfelf  In  order 
to  determine  this  point,  and  at  the  fame 
time  what  effect  opium  produces,  merely 
by  its  action  on  the  nerves  of  the  part  to 
which  it  is  applied,  (if  univerfal  convul¬ 
fions  of  the  mufcles  of  voluntary  motion 
be  not  this  eflfed),  I  made  the  following 
experiments. 

It  has  more  than  once  been  obferved, 
that '  the  nervous  fyftem  of  the  frog  is 
capable  of  performing  all  its  functions 
for  a  confiderable  time  after  the  circu¬ 
lation  is  interrupted.  A  full-grown  frog 
leaps  about  vigoroufly,  for  half  an  hour 
after  the  heart  is  cut  out,  by  which  not 

F  4  only 
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only  the  circulation  is  interrupted,  but 
the  greater  part  of  the  blood  evacuated  : 
And  it  generally  continues  to  leap,  when 
irritated,  for  more  than  twice  that  time. 

All  that  was  neceffary,  therefore,  to 
determine  the  point  in  queftion,  was  to 
cut  out  the  heart,  or  otherwife  interrupt 
the  circulation,  and  then  obferye  the  ef¬ 
fects  of  opium  applied  to  the  ftomach 
and  inteftines,  or  inje<£ted  intq  the  cavity 
of  the  abdomen. 

This  experiment  has  been  made,  it  was 
obferved,  by  more  than  one  author,  and 
the  refult  was  general  convulfions  of  the 
trunk  and  limbs. 

As  fome  unperceived  circumftance^ 
however,  might  have  influenced  the  re¬ 
fult  of  thefe  experirnents,  fuch  as,  a  fmall 
2  quantity 


(  89  )  * 


quantity  of  the  folutioii  of  opium  having 

«  *^  •  *  ■  *  • 
been  accidentally  applied  to  the  Ikin,  be¬ 
fore  the  heart  was  removed,  (fee  the  2d 

r 

experiment  with’  tobacco,  at  the ^  end  of 
this  paper),  as  the  eipefiihents  were 
made  on  but  ^  fmall  number  of  frogs ; 
and  as  thofe  who  made  them  do  hot  alto¬ 
gether  agree  concerning"  the  "part  to 
which  the  folution  rnuft:  be  applied,  in 
order  to  induce  eonvulfiops,  after  the 
heart  is  removed,!  thought  it  worth  while 
to  repeat  the  experiment  oh  a-  larger 
f^ale. 

V.  . 

*.  0.* .  r  ‘ 

After  cutting  out  the  hearts  of  24 
frogs,  a  folution  of  opium  in  water  was 
inje6led  into  the  ftomach  and  inteftines 
of  fome  of  them,  and  into  the  cavity  of 
the  abdomen  of  others.  The  following 
are  the  particulars  relating  tor  each.  The 

ftrong 
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ilrong  folution  was.  uftd,' except  whcu,  jthc 
contrary  is  .mentioned. ;  ;  ^  ;  v  .  / 


Into^the  I  ft,  not  full  grown,  30  drops 
were  inj edited  ;  it  died  in  half  an  hour  : 
Into  the  .2d,  not  full  grown,  the  fame 
quantity  ;  it  died  in  35  minutes  :■  Into 
the  3d,  the  fame  quantity;  it  died  in  51 
minutes  :  Into  the  4th,  very  young,  10 
drops;  it  died  in  25  minutes:  Into  the 
5th,  almoft  full  grown,  30  drops  ;  it  died 
in  an  hour :  Into  the  6th,  full  grown, 
30  drops ;  it  died  in  55  minutes :  Jntp 
the  7th,  full  grown,  60  drops ;  it  died  in 
an  hour  and  two  minutes  :  Into  the  8th, 
full  grown,  60  drops  alfo ;  8  or  10  were 
returned;  it  died  in  58  minutes:  In¬ 
to  the  9th,  not  quite  full  grown,  30 
drops  of  the  weaker  folution ;  the  time 
of  its  deaths  was  not  obferved  :  Into  the 
joth,  very  young,  10  drops  of  the  weak¬ 


er 
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r 

er  folution  ;  it  died  in  54  minutes :  Jnto 

4' 

the  iith,  hot  full  grown/ ;5o. drops  of  the 
fame  folution ;  part  was  .  returned ;  the 
time  of  this  frog’s  death  was  not  obfer- 
ved  :  .  Intoe  the.  I2th,'  very  young/Tio 
drops  of ‘  the  fame  folution  part  was  re- 
turned the  time  of  its  dehh  was  not  ob- 
ferved  :  Into  thea3th,  not  full  grown; 
26  drops  of  the  fame 'folution';  it  died  in 
59  minutes : ‘  .  Into  the  i4thf  ' nearly  full 
grown,  63  drops c of  the.  fame  folution; 
part  was  returned;  it  died  in  52  mi¬ 
nutes  ;  Into  the  15th,  20  drops  of  a  fo-, 
iution  nearly  as  ftrohg  as  *  the  ftrong  fo¬ 
lution  :  Into  the  i6th,  15  drops  of\th'e 
fame  folution ;  .  about  3  were  returned ; 
the  time  of  the  death  of  neither,  of  the 
two  laft  frogs  was  obferved. 

I  Solutions  of  various  ftrengths  were  in¬ 
jected  into  the  eight  remaining  frogs ;  im 

\  to 


/ 


s 
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to  fome  a  weaker,  into  others  a  ftronger 
foiution,  than  that  employed  in  any  of 
the  above  cafes. 

^  Thofe  which  were  of  the  fame  fize, 
generally  died  the  fooner,  the  greater 
the  quantity  of  opium  which  had  been 
injeded*  Young  frogs  die  much  more 
readily  from  injuries  of  this  |kind,  than 
thofe  which  are  full  grown,  as  may  be 
feen  from  feveral  parts  of  this  experi¬ 
ment. 


The  manner  in  which  all  thefe  frogs 
died  was  precifely  the  fame  :  Soon  after 
the  injedlion  of  the  opium,  they  were 
feized  with  a  degree  of  langour,  gene¬ 
rally  proportioned  to  the  quantity  injedl- 
ed.  This,  in  moft  of  them,  went  off  to 
a  greater  or  lefs  degree,  in  the  fpace  of 
fome  minutes.  They  again,  more  gra¬ 
dually, 
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dually,  became  languid,  ^  and  growing 
more  arid  more  fo,  irnpereeptibly  died^ 
without  the  flighteft  convulfion  in  any 
part  of  the  body.  I  negleded  to  examine 
the  ftate  of  the  mufcles,  after  death,  in 
the  fourth  frog  ufed  in  this  experiment ; 
in  all  the  others,  they  were  found  to  con¬ 
trail  readily,  on  wounding  the  nerves 
which  terminate  in  them. 

Fifty  drops  of  a  very  flrong  folution  of 

opium  in  water,  confiderably  ftronger 

than  the  ftrong  folution,  was  injeited  in- 

# 

to  the  cavity  of  the  abdomen,  of  one  of 
the  lafli:  eight  frogs,  full  grown,  the  heart, 
as  in  the  other  cafes,  having  been  pre- 
vioufly  cut  out.  Part  of  the  folution 
was  returned  when  the  animal  rnoved. 

For  a  few  feconds  after  the  inje6lion 
of  the  folution,  it  leaped  about  with  vi- 
,  gour ; 
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gour ;  in  a  fliort  time,  however,  it  feem- 
ed  incapable  of  leaping ;  and  in  the  fpace 
of  two  minutes,  was  almoft  quite  depri^ 
ved  of  motion.  It  foon  began  to  move 
again,  and  in  eight  minutes  could  leap 
about.  Fifty-one  minutes  after  the  in- 
jedtion  of  the  folution,  it  leaped  on  be¬ 
ing  much  irritated.  '  Twenty-eight  mi¬ 
nutes  after  this,  it  turned  itfelf  when  laid 
on  its  back.  It  died  in  about  an  hour 
and  twenty-eight  minutes  after  the  injec¬ 
tion  of  the  folutiom 

I  have  related  this  infiance  particular¬ 
ly,  as  it  is  remarkable  for  the  great  dei- 
gree  of  langoitr  which  followed  the  in- 
jeftion  of  the  opium,  and  for  the  length 
of  time  which  the  animal,  notwithftand- 
ing  this,  furvived  the  application  of  that 
drug/ 


\ 


The 
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'The  foregoing. experiment’ was  Repeat¬ 
ed  in  the  following  manner/-'  The  tho¬ 
rax 'was  laid' open  in  ' eight  frogs,  and  a 
ligature  thrown'  around  all  the  velTels  at- 

r  „ 

tached  to  the  heart  :  This  organ  was  then 
removed,  with  the  lofs  of  no  more  blood 
than  it  happened  to  contain  at  the  time 

I 

the  ligature  was  thrown  around  the  vef- 
fels.  A  folution  of  opium  was  then  in- 
jefted  into  the  cavity  of  the  abdomen  in 
all  of  them,  through  a  hole  made  in  the 
mufcles. 

* 

The  folution  injedted  into  the  firft  6, 

y 

was  not  quite  fo  ftrong  as  the"  ftrong  fo¬ 
lution  ;  that  injedled  into  the  7  th  and 
8th,  was  ftronger.  All  the  frogs  ufed  in 
this  experiment,  except  the  6th,  were 

full  grown.  Into  the  ift,  16  drops  were 

« 

injeded  :  Into  the  2d,  20  drops ;  about 
2  or  3  of  which  were  returned  :  Into  the 

3d, 
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y 

1 

3d^  t6  drops;  about  3  were  returned: 
Into  the  4th,  25  drops;  about  half  was 
returned  :  Into  the  5th,  8  drops  :  Into 
the  6th,  30  drops;  part  of  which  was  re¬ 
turned  :  Into  the  7th,  1 2  drops  ;  part  was 
returned  :  Into  the  S^th,  14  drops; 

The  frogs  ufed  in  this  experiment  died 
in  precifely  the  fame  manner  as  thofe 
ufed  in  the  laft.  The  mufcles  of  their 
limbs  contrafied  readily  after  death,  when 
the  nerves  terminating  in  them  were  ir¬ 
ritated* 

\ 

It  appears  from  thefe  experiments,  that 
the  efFe(3:  of  opium,  when  it  a6ts  on  the 
nerves  of  the  part  to  which  it  is  applied, 
is  merely  that  of  inducing  a  general  ]an- 
gour,  which,  if  the  quantity  applied  be 
confiderable,  terminates  in  death.  This 
elFe£t  of  opium  does  not  eflentially  differ 

from 


from  thkt  of  j  any  other  topical  irrita¬ 
tion 

From  all  that  has  been  faid,  it  appears, 

V.  X 

that  the  various  effefts  of  opium  bn  the 


living  animal  body  may  be  divided'  into 


three  clafTes.  The  firft,  comprehending 
its  action  on  .the  nerves  of  the  part  to 
which  it  is  applied,  not  differing  elTen- 


G 


*  In  man  it  has  been  fliewn,  that  a  large  dofe  of 
opium  produces  fleepj  merely  by  its  action  on  the 
nerves  of  the  part  to  which  it  is  applied  ;  fo  do  other 
topical  irritations  ('mechanical  injury  not  excepted), 
though  more  flowly.  If  it  be  this  eiFe6t  of  opium 
which  Dr.  Whytt  alludes  to,  when  he  fays,  that  opi¬ 
um  deftroys  the  power  of  motion  in  every  part  of 
,  a  frOg,  as  fpeedily  after  as  before  the  excifion  of  the 
heart,  the  obfervation  is  certainly  juft.  From 
the  nature  of  the  experiments  from  which  he  draws 
the  conclufion,  however,  he  does  not  feem  to  allude 


to  this  eftc61:  of  it. 
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tially  from  that  of  any  other  topical  irri-' 
tation.  It  is  doubtful  whether  the  fliock 
given  to  the  fyftem,  merely  by  the  ac¬ 
tion  of  opium  on  the  nerves  of  the  part 
to  which  it  is  applied,  has  ever  been  fuf- 
ficient  to  kill.  I  have  never  feen  it  pro¬ 
duce  fo  remarkable  an  effedl  in  any  other 
cafe  as  in  one  above  related. 

A  large  quantity  fuddenly  applied  to 
a  very  extenlive  furface,  may  be  capable^ 
perhaps,  of  inftantly  killing  animals  lefs 
tenacious  of  life  than  frogs  are.  A  va¬ 
riety  of  ftrong  impreffions,  that  pro¬ 
duced  by  receiving  a  large  quantity  of 
fpirit  of  wine  into  the  ftomach,  of  ve¬ 
ry  cold  water  when  the  body  is  over¬ 
heated,  &c.  are  well  known  to  have  oc- 
cafioned  fudden  death.  It  feems  to  be 
a  general  law  of  the  animal  oeconomy, 
that  the  firft  effefts  of  a  ftrong  irritation 

are 
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are  very  violent ;  but  if  thefe  be  with- 
flood,  it  is  afterwards  borne  with  lefs  in¬ 
convenience.  It  has  jufl  been  {hewn, 
how  flrikingly  true  this  is  of  the  ef- 
fedts  of  opium,  when  it  adls  only  on 
the  nerves  of  the  part  to  which  it  is  ap¬ 
plied* 

/ 

The  fecond,clafs  into  which  the  effeefls 
of  opium  may  be  divided  are,  its  effeits 
on  the  heart  and  blood-veffels ;  that  of 

I 

increafing  their  adtion,  when  applied  in 
fmall  quantity  *  ;  and  that  of  impairing 

G  2  or 


*  It  has  been  obferved,  that  a  ihort  time  after  we 
take  a  moderate  dofe  of  opium,  the  pulfe  becomes 
quicker  and  fuller  ;  an  effect,  which,  from  the  ex¬ 
periments  that  have  been  related,  can  only  proceed 
from  the  opium  being  abforbed  and  immediately  ap¬ 
plied  to  the  heart ;  fince  it  has  been  ptoved,  that 
opium  cannot  alFe£l;  the  motion  of  this  organ  through 
the  medium  of  the  nervous  fvftem. 
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or  altogether  deftroying  their  power  of 
a£lion,  when  applied  to  them  more  free¬ 
ly  In  neither  of  thefe  effefts,  how¬ 
ever,  does  the  adion  of  opium  differ  ef- 
fentially  from  that  of  many  other  fub- 
ftances.  Are  not  moft  acrid  fubftances, 
in  fmall  quantity,  capable  of  exciting 
ftrong  contractions  in  the  mufcular  fibre, 
and  of  deftroying  its  power  of  aCtion, 
when  applied  more  freely  f  ?  Even  me¬ 
chanical 


*  It  does  not  appear,  that,  by  the  largeft  dole, 
we  can  fo  increafe  the  quantity  of  opium  abforbed, 
that  it  is  fufficient  to  deftroy  the  mufcular  power  of 
the  heart,  merely  by  its  adtion  on  that  organ.  It 
may  be  fafely  afferted,  perhaps,  that  opium  never 
kills  by  deftroying  the  mufcular  power  of  the  heart, 
except  when  injected  into  it,  or  into  the  blood-vef- 
fels. 

t  But  the  tendency  of  different  fubftances  to  in¬ 
creafe  or  deftroy  the  adion  of  the  mufcular  fibre  is 

different 
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chanical  irritation,  applied  in  different 
degrees,  produces  the  fame  effeds. 

I 

The  third  clafs,  into  which  the  effeds 
of  opium  may  be  divided,  comprehends 
thofe  it  produces  when  immediately  ap¬ 
plied  to  the  brain.  When  the  dofe  is 
moderate,  impaired  fenfibility,  langour, 
deep  :  Effefts  obferved  in  a  greater  or 
lefs  degree,  from  other  gentle  irritations 
applied  to  this  organ,  and  which  we  do 
not  perceive  from  a  moderate  dofe  of  opi¬ 
um,  till  we  know  from  the  fymptoms  it 
produces,  compared  with  the  foregoing 

I : 

experiments,  that  it  has  been  conveyed 
to  the  heart ;  from  which,  in  the  courfe 
of  circulation,  it  is  fent  to  the  brain,  as 

G  3  well 


difFerent.  Tobacco,  for  inftance,  is  more  apt  to  de- 
ftroy,  and  lefs  apt  to  increafe,  its  action,  than 


opium. 


•r  . 
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well  as  to  the  other  parts  of  the  body. 
What  fhare  its  adlion  on  the  latter  parts 
has  in  producing  thefe  effeds,  it  is  im- 
poffible  to  fay.  We  have  reafon  to  be^ 
lieve  it  but  trifling.  It  appears  from 
the  experiments  juft  related,  that  no  part 
of  them  is  to  be  afcribed  to  its  adion  on 
the  heart  itfelf 

Opium,  applied  more  freely  to  the 
brain,  produces  the  fame  effeds  which 
moft  violent  irritations,  immediately  ap¬ 
plied  to  this  organ  do,  convulfions  and 

death 


*  The  increafed  determination  of  blood  to  the 
head  indeed,  in  confequence  of  the  ftronger  action 
of  the  heart,  is  found  to  difpofe  to  deep  ;  but  this, 
in  the  prefent  cafe,  may  be  overlooked,  as  the  effects 
of  the  opium  applied  to  the  brain  are  fo  much  more 
Gonfiderable. 
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death  *.  But  the  convulfions  produ*> 
ced  by  opium,  it  has  been  Ihewn,  are 
of  a  peculiar  kind.  In  each  of  its  effedts 

on  the  living  animal,  we  ftill  find  that 

/• 

opium  has  much  in  common  with  other 
fubftances,  but,  at  the  fame  time,  fome 
thing  peculiar  to  itfelf. 

It  may  appear  an  omiflion,  not  rank¬ 
ing  among  the  effeds  of  opium  received 
into  the  fyftem,  thofe  it  feems  to  pro¬ 
duce  on  the  mufcles  of  voluntary  mo- 

* 

i 

tion.  In  fome  of  the  foregoing  experi¬ 
ments,  the  irritability  of  thefe  mufcles 
was  found  much  impaired  after  death  ; 
although  the  opium  was  not  applied  di- 

G  4  redly 


*  Opium  does  not  always  prove  fatal,  when  it 
produces  convulfions.  I  have  feen  a  rabbit  recover 
after  violent  convulfions  induced  by  a  large  dofe  of 
this  drug. 
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reftly  to  the  mufcles  themfelves.  The 
reafon  of  this  feeming  omiffion  will  ap- 
pear  from  the  following  obfervations. 

Comparing  Fontana’s  experiment  (in 
which  he  found  the  irritability  of  the 
mufcles  as  little  impaired  by  the  aftion 
of  opium  applied  to  the  ftomach  and  in- 
teftines  of  the  entire  animal,  as  to  thofe 
of  one  with  the  heart  cut  out),  with  o- 
thers  which  have  been  related,  we  fhould 
infer,  that  the  prefence  of  opium  in  the 
fyftcm  fcarcely,  if  at  all,  affeds  the  irri¬ 
tability  of  the  mufcles  of  voluntary  mo¬ 
tion.  From  Dr.  Alexander’s  experiments, 
on  the  other  hand,  we  muft  conclude, 
that  they  are  wholly  deprived  of  their  ir¬ 
ritability  by  that  drug,  whether  it  be  re¬ 
ceived  into  the  fyftem  by  means  of  the 
abforbents,  or  ad  merely  on  the  nerves 

of 
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of  the  part  to  which  it  is  diredlly  ap-r 
plied. 

Were  I  to  truft  to  the  accuracy  of  my 
own  obfervations,  I  fhould  diflent  from 
both  opinions.  I  have  never  found  the 
irritability  of  thefe  mufcles  wholly  ex- 
haufted  by  opium,  applied  in  any  man¬ 
ner,  except  to  the  mufcles  themfelves. 
Nor  have  I  found  their  irritability  as 
little  affeded  by  the  application  of  opium* 
to  the  ftomach  and  inteftines  of  the  entire 
animal,  as  to  thofe  of  one  with  the  heart 
cut  out. 

Upon  the  whole,  the  refult  of  my  ex¬ 
periments  on  this  part  of  the  fubjed  has 

*  t. 

been,  that  if  opium  occafions  convulfions, 
it  impairs  the  irritability  of  the  mufcles 

I 

of  voluntary  motion ;  if  it  does  not, 

their 


I 
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their  irritability  is  not  in  the  leaft  afFeded 
by  it. 

From  which  it  appears  probable,  that 
the  impaired  irritability  of  thefe  mufcles, 
obferved  in  the  former  cafe,  is  the  con- 
fequence  of  the  violent  contradions  ex¬ 
cited  in  them  by  the  irritation  applied  to 
the  brain,  and  not  of  any  adion  of  the 
opium  on  the  mufcles  themfelves.  In  or¬ 
der  to  determine  the  truth  or  fallacy  of 
this  opinion,  I  made  the  following  expe¬ 
riment. 

After  injeding  either  into  the  ilomach 
and  inteftimes,  or  into  the  cavity  of  the 
abdomen,  I  forget  which,  (for  I  have  loft 
the  notes  of  this  experiment),  of  two 
frogs,  equal  in  fize  and  vigour,  the  fame 
quantity  of  opium;  the  one  was  kept 
free  of  every  thing  which,  during  the  re- 

miffion 
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milfion  of  the  convulfions,'  might  tend 
to  renew  them ;  fo  that  they  were  ren¬ 
dered  as  moderate,  and  the  remiffions  as 
long,  as  poflible ;  in  the  other,  as  foon 
as  a  remiffion  took  place,  the  convulfions 
were  renewed  by  flightly  touching  it ;  fo 
that,  although  both  frogs  had  taken  the 
fame  quantity  of  opium,  yet  the  one  was 
affected  with  more  violent  and  permanent 
convulfions  than  the  other. 

f 

If,  then,  the  impaired  irritability  of 
the  mufcles  of  voluntary  motion,  obfer- 
ved  after  death,  when  an  animal  is  killed 
by  opium,  depends  on  the  prefence  of 

s 

this  drug  in  the  fyftem',  the  ftate  of 
thefe  mufcles  in  both  the  frogs  ufed  in 
this  experiment  fhould  be  found  the  fame. 
If  it  be  the  confequence  of  the  contrac¬ 
tions  excited  in  the  mufcles,  it  fhould  be 


more 
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more  obfervable  in  the  one  frog  than  in 
the  other. 

The  latter  was  found  to  be  the  cafe, 
in  a  very  remarkable  degree.  I  do  not 
exactly  remember  how  often  this  experi¬ 
ment  was  repeated ;  but  recolleft  that  it 
was  not  made  above  two  or  three  times ; 
fo  that  its  refult  can  fcarcely  be  regarded 
as  certain.  Some  other  experiments  have 
been  related,  however,  which  tend  to 
prove  the  fame  thing. 

It  was  obferved,  that  both  Dr.  Alexan¬ 
der  and  Dr.  Fowler  have  fliewn,  that  if 
the  nerves  going  to  any  limb  be  divided 
before  the  folution  of  opium  is  exhi¬ 
bited,  the  mufcles  of  this  limb  are  nei¬ 
ther  afFe6ted  with  convulfions  previous  to 
death,  nor  is  their  irritability  found  im¬ 
paired  after  it.  Yet  the  opium  is  con¬ 
veyed 
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veyed  to  them,  in  the  courfe  of  circula¬ 
tion,  as  well  as  to  thofe  of  any  other  part 
of  the  body. 

The  teft  of  the  degree  of  irritability 
remaining  in  the  mufcles  after  death, 
which  was  ufed  in  the  foregoing  experi¬ 
ments,  is  doubtlefs  a  very  grofs  one.  A 
nice  teft  in  thefe  experiments  would  have 
been  of  little  confequence,  however  ; 
■fince  the  irritability  feems  affefted  by 
circumftances  fo  various,  that,  without 
an  infinite  number  of  experiments,  we 
could  not  afcertain  to  what  the  fmall  dif- 

I 

ferences,  detecfted  by  fuch  a  teft,  are 
owing. 

\ 

The  influence,  difcovered  by  Galvani, 
appears  at  firft  fight  an  excellent  teft  of 
the  degree  of  irritability  remaining  in 
mufcles,  and  has  been  ufed  as  fuch ;  but 


Its 
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its  laws  feem  at  prefent  too  little  known  ^ 
to  permit  us  to  employ  it  with  much 
confidence  in  phyfiological  inquiries. 

I  am  inclined  to  believe,  that  a  certain 
ftate  of  the  nerves  may  prevent  this  in¬ 
fluence  producing  contractions  in  muf- 
cles,  even  while  their  irritability  re¬ 
mains  ;  at  leaft  I  found,  that  although 
mechanical  irritation  excited  flight  con¬ 
tractions  in  the  mufcles  of  a  limb,  whofe 
nerves  had  been  divided  about  a  week 
before  the  death  of  the  animal  ^ ;  yet 
none  could  be  produced  in  them,  by  the 
influence  difcovered  by  Galvani,  In- 
tlances  might  be  adduced,  in  which  the 
employment  of  this  influence  in  phy¬ 
fiological 


*  It  is  found,  that  the  ftru£lure  of  a  nerve  is  al 
tered,  even  to  the  naked  eye,  when  it  has  been  di' 
vided  for  fome  time  before  the  death  of  the  animal. 


(  lit  ) 

fiological  inquiries  has  already  led  to 
erroneous  inferences,  from  our  not  be¬ 
ing  fufiiciently  acquainted  with  its  laws. 

The  circumftances  which  feem  chiefly 
to  influence  experiments,  made  on  the 
irritability  of  frogs  with  the  grofs  tefl:  I 
employed,  are,  y?.  Their  age,  the  irri¬ 
tability  of  young  frogs  being  much  more 
readily  exhaufted  than  that  of  fuch  as  are 
full  grown.  2dly,  Their  death  being 
fudden  or  lingering,  the  latter  leaving 
the  irritability  more  impaired  than  the 
former,  ^dly,  The  time  which  the  frogs 
are  kept  after  being  brought  from  the 
fields.  The  more  vigorous  frogs  are, 
the  more  irritability  their  mufcles  pof- 
fefs.  ^thly^  Throwing  ligatures  around 
the  limbs.  If  a  tight  ligature  be  throvm 
around  a  limb,  and  kept  applied  for 
twenty  minutes,  or_half  an  hour,  imme¬ 
diately 
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diately  before  the  death  of  the  animal, 
all  the  mufcles  beyond  the  ligature  are 
found,  after  its  death,  quite  void  of  irri¬ 
tability. 

r 

This  cannot  be  attributed  to  the  liga¬ 
ture  prefling  on  the  nerves  of  the  limb^ 
and  cutting  off  its  free  communication 
with  the  brain,  fince  dividing  the  nerves 
does  not  produce  the  fame  effefl.  It 
feems  to  depend  on  an  accumulation  of 
blood  taking  place  in  the  mufcles, 
(which  are  always  found  very  red),  ow¬ 
ing  to  its  return  by  the  veins  being  pre¬ 
vented. 


This  fa£l:  fuggefts  an  experiment,  by 
which  it  may  be  determined,  perhaps, 
whether  or  not  the  irritability  of  "the 
mufcles  be  derived  from  the  nervous 
fyftem.  For  if  it  be  found,  that,  when 


the 


Z' 
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the  mufcles  of  a  limb  are  thus  deprived 
of  their  irritability,  (which  they  may 
readily  be  during  the  life  of  the  animal), 
it  can  be  reftored,  after  all  the  nerves 
going  to  the  limb  are  divided,  there  will 
then  be  little  doubt  of  its  being  derived 
from  fome  other  fource.  I  have  made 
this  experiment,  but  not  in  fo  fatisfac- 
tory  a  manner,  that  any  certain  conciu-. 
lion  can  be  drawn  from  it. 


H  THE 


’  :'a 
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THE  doilrine  of  the  fympathy  of 
nerves  has  been  fo  much  employed  in 
accounting  for  the  effects  of  opium,  that 
a  few  obfervations  upon  it  here  may  not 
^be  improper.  Although  there  is  fcarcely 
any  do  citrine  in  medicine  at  prefent  more 
implicitly  received,  it  feems  far  from  be¬ 
ing  fully  eftablilhed 

The  phenomena  which  have  been  re-^ 

-  ferred 


^  The  following  opinions  concerning  this  dodtrine 
were  laid  before  the  Royal  Medical  Society  of  Edin¬ 
burgh,  and  ordered  to  be  inferred  in  their  books,  on 
the  ill  of  February  1794.  I  mention  this  circum- 
llance,  becaufe  a  work  has  appeared  fince  the  above 
date,  in  which,  although  the  author  maintains  very 
different  opinions  on  this  head,  there  are  one  or  two 
hints  thrown  out,  to  which,  it  might  be  thought^  I 
Ibould  own  fome  obligation. 


(  II5  ) 


\ 


ferred  to  the  fympathy  of  nerves,  are 
thofe  in  which  an  involuntary  motion, 
or  a  fenfation,  is  produced  in  any  part 
of  the  body  by  an  irritation  applied  to  the 
extremities  *  of  the  nerves,  not  of  that 
part,  but  of  fome  other-;  iuch  as  the  mo¬ 
tion  of  the  diaphragm  in  fneezing,  pro- 

H  2  duced 


^  A  fenfation  produced  in  any  part,  by  firetching 
or  compreffing  the  trunk  of  the  nerve  which  termi¬ 
nates  in  it,  is  no  inftance  of  the  fympathy  of  nerves. 
If  a  nerve  going  to  any  part  be  compreffed,  the  feel¬ 
ing  of  that  part  muft  be  impaired.  If  a  nerve  be 
flretched,  there  mufl  be  a  pain  referred  to  its  extre¬ 
mities,  for  the  fame  reafon  that,  were  we  to  pull  a 
mufcle,  we  fhould  excite  a  pain  at  its  infertions.  Is 
it  a  juft  inference  from  thefe  fa6ts,  that  an  injury  ap¬ 
plied  to  the  nerves  of  a  flump  will  excite  a  pain  re¬ 
ferred  to  the  extremity  of  the  member  that  is  loft  ? 
Has  not  confounding  thefe  fafls  with  others  referred 
to  the  fympathy  of  nerves,  to  which  they  bear  no 
analogy,  tended  to  perplex  this  fubjedl  ? 


(  ) 

dnced  by  an  irritation  of  the  nares,  a 
pain  felt  in  the  glans  penis  from  an  af- 
fedlion  of  the  bladder  &c. 

Thefe  phenomena,  then,  may  be  di¬ 
vided  into  t¥/o  clalTes ,  thofe  in  which 
fenfation,  and  thofe  in  which  motion  ^  is  the 
refult.  I  lhall,  in  the  firft  place,  confi- 
der  the  former,  becaufe  under  it  the  more 
numerous  fet  of  fafe  are  included ;  and 
becaufe,  what  I  fhall  fay  of  this  clafs 
will  be  found  ufeful  in  fpeaking  of  the 
other. 

The 


With  regard  to  thofe  cafes  of  fympathj  in  which 
the  mufcles  of  involuntary  motion  only  are  concern¬ 
ed,  they  do  not  fall  to  be  confidered  here  ;  lince,  in 
the  prefent  ftate  of  our  knowledge,  there  is  not  a 
fliadow  of  reafon  for  attributing  them  to  any  con¬ 
nection  of  nerves.. 
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The  following  queftion  is  the  firfl  that 
prefents  itfelf,  concerning  which  there 
can  fcarcely  be  two  opinions.  In  what 
part  of  the  fyftem  does  that  change  take 
place,  which  is  the  immediate  caufe  of 
fenfation  ? 

The  immediate  canfe  of  fenfations,' ei^ 
ther  exifts  in  the  various  parts  to  which 
they  are'  referred, '  demonftrating  that  the 
fenforiuin  commune  pervades  the' whole 
fyftem  ;  or  it  does  not,  demonftrating 
that  the  Sbnforium  commune  is  confined 
to  a  particul^-  part  of  the  fyftem,  to 
which  every  impreftion  cauiing  fenfation 
is  conveyed.  Since  one  of  thefe  pofi- 
tions  muft  be  juft,  in  order  to'  eftablifh 
either,  it  is  fufficient  to  fiiow,  that  the 
other  is  not..  The  queftion,  then,"'  re*? 
folves  itfelf  into  this,  Does  the  imme- 

H  3  diate 
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diate  caufe  of  fenfations  exift  in  the  parts 
to  which  they  are  referred  ? 

When  a  man  complains  of  a  pain  in 
the  toes,  after  the  limb  has  been  ampu¬ 
tated,  is  the  immediate  caufe  of  the  fen- 
fation  in  the  part  to  which  it  is  referred, 
or  elfewhere  ?  No  body  can  hefitate  in 
anfwering  this  queftion.  We  have,  there-* 
fore,  an  unequivocal  inftance,  in  which 
the  immediate  caufe  of  fenfation  does 
not  exift  in  the  part  to  which  it  is  re-r 
ferred. 

But  this  is  not  a  folitary  facft;,  it  is  a 
general  law  of  the  animal  oeconomy,  that 
we  continue  to  refer  various  fenfations 
to  any  part  of  the  body,  which  is  fud- 
denly  loft  for  fome  time  after  it  is  fo. 
The  fad  is  as  evident  in  the  lofs  of  a 

finger. 
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finger,  or  in  that  of  a  tooth,  as  in  the 
lofs  of  a  limb.  Nor  can  it  be  fliewn, 
why  the  immediate  caufe  of  fenfation  ■ 
fliould  fo  exift  in  thefe  cafes,  and  not  in 

all.  *  ' 

/ 

From  diredl  experiment,  then,  the 
conclufion  is  unavoidable,  that  the  im¬ 
mediate  caufe  of  fenfations  does  tiot  exift 
in  the  parts  to  which  they  are  referred, 
but  in  fome  other  ;  that  is,  the  fenforium 
does  not  pervade  the  whole  fyftem,  but 
is  confined  to  a  particular  part  of  it ;  and 
having  advanced  thus  far,  we  know, 
from  numberlefs  obfervations,  that  this 
part  is  lodged  fomewhere  within  the  cra¬ 
nium  in  man,  and,  by  analogy,  in  the 

animals  that  refemble  man.  In  fome  ani- 

0 

mals  it  feems  partly  lodged  in  the  fpine. 
It  is  this  part,  then,  which  is  meant  by 

H .  4  the 
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the  term  fenforium  commune,  wherever 
it  occurs  in  the  prefent  paper. 

The  next  queftion  which  prefents  it- 

felf  is,  If  the  immediate  caufe  of  fenfa- 

* 

tion  exifts  in  the  fenforium  commune, 
why  do  we  very  conftantly  refer  the 
fenfation  to  the  part  of  the  body  on 
which  the  impreflion,  caufing  it,  is 
made 

When  we  look  at  the  various  objeds 
that  furround  us,  why  do  we  refer  one 
to  the  diftance  of  two  feet,  another  to 
that  of  three,  and  fo  on  ?  For  no  other 

reafon, 


^  The  mode  of  reafouing  employed  in  conhdering 
this  queftion,  though  different,  is  fimilar  to,  and  was 
fuggefted  by,  what  Hartley  fays  of  the  manner  in 
which  we  refer  fenfations  to  particular  parts  of  the 
body.  See  his  Theory  of  the  Human  Mind. 
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reafon,  but  that  experience  has  taught  us 
to  conneft  certain  fenfations  with  cer¬ 
tain  diftances.  When  we  fee  two  objeils 
which  we  know  to  be  nearly  of  the.  fame 
tangible  extenlion,  for  inftance,  two  men, 
and  yet  obferve,  that  the  one  occupies 
but  the  fourth  of  that  part  of  the  vilibie 
plain  which  is  occupied  by  the  other,  we 
judge  the  former  to  be  at  twice  the  di- 
ftance  of  the  latter  ;  if  the  former  occu¬ 
py  but  the  ninth  part  of  that  fpace  occu¬ 
pied  by  the  other,  we  judge  him  to  be 
at  three  times  the  diftance  f  and  fo  ori; 
The  degree  of  faintnefs,  the  number  of 
intervening  objects,  and  a  few  other  cir- 
cumflances,  occafionally  affift  us  when 
we  judge  of  the  diftance  of  objedts  by 
the  eye.  But  none  of  thefe  circum- 
ftances  are  eflentially  connected  with 
diftance ;  it  is  only  experience  which 

has 
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has  taught  us  to  conned  them  in  our 
minds. 


Precifely  the  fame  thing  takes  place  in 
the  other  cafe  ;  there  is  no  particular  fen^ 
fation  effentially  conneded  with  any  par¬ 
ticular  part  of  the  body ;  but  experience 
has  taught  us  to  conned  certain  fenfa- 
tions  with  certain  parts  ^  :  fo  that  to  the 
fenfation  arifing  from  every  impreffion, 
there  is  fomething  as  it  were  fuperadd- 
cd,  which  we  have  conftantly  obferved 
attend  all  impreffions  made  on  the  fame 
part ;  and  it  is  this  which  teaches  us  to 
refer  the  fenfation  to  that  part ;  in  the 
fame  manner  as  there  is  fomething,  for 

inflancCj 


*  For  the  manner  in  wbich  we  at  firft  difcover 
the  feat  of  impreflions,  fee  Hartley  on  the  Human 
Mind,  and  others. 
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inflance,  the  degree  of  fainfnefs,  fuper- 
added  to  the  appearance  of  all  bodies 
at  the  fame  dlftance,  which  teaches  us 
that  they  are  at  that  diftance. 

And  as,  in  the  latter  cafe,  according  to 
a  well-known  law  of  the  animal  oecono- 
my,  we  attend  to  the  diftance  of  an  ob¬ 
ject,  overlooking  the  means  by  which  we 
acquire  a  knowledge  of  its  diftance ;  fo', 
in  the  former  cafe,  we  attend  to  the  in¬ 
jured  part,  overlooking  the  means  by' 
which  we  determine  its  polition  with  re-^ 
fpecft  to  other  parts  of  the  body,  ,  ■ 

r  ■  ‘ 

> 

Is  it  faid,  that  we  have  a  power  of  re¬ 
ferring  fenfations  to  particular  parts  of 
the  body,  independent  of  experience  ? 
The  following  Ample  experiment  is  fuf- 
ficient  to  convince  us  that  we  have  not. 
J  have  frequently  made  the  experiment, 

ftncc' 


(  ) 

fince  I  fir  ft  heard  of  it  from  a  gentleman 
of  my  acquaintance. 

We  refer  fenfations  with  little  accura¬ 
cy  to  parts  of  the  body  which  we  are  not 
much  accuftomed  to  fee,  or  otherwife 
diftinguifli  from  each  other.  If  a  perfon 
blind  his  eyes,  and  defire  another  to 
touch  one  of  his  fmall  toes,  he  will  find 
it  quite  impofllble  to  tell  which  of  them 
the  perfon  touches,  and  will  not  guefs 
right  much  oftener  than  he  would  do, 
were  the  other  touching  one  of  four 
things  quite  unconneded  with  his  body. 

We  arrive,  then,  at  this  conclufion, 
that  the  immediate  caufe  of  fenfations 
exifts  in  the  fenforium  commune  ;  and 
that  they  are  referred  to  the  parts,  on 
which  the  impreffions  caufing  them  are 
made,  by  experience  alone. 


9 


We 
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We  have  all  perceived,  that  the  fenfa- 
tion  arifing  from  a  pretty  ftrong  impref- 
lion  is  not  confined  to  the  very  fpot  to 
which  the  injury  is  applied,  but  is  felt, 
at  the  fame  time,  in  furrounding  parts. 

It  is  alfo  a  fact,  that  the  more  fenfible 
any  of  the  fur  rounding  parts  is,  the 
more,  in  general,  it  partakes  of  the  fen- 
fation.  Thus,  in  a  perfon  labouring  un¬ 
der  the  Hone  in  the  bladder,  the  whole 
hypogaftric  region  is  pained.  But  the 
end  of  the  urethra,  glans  penis,  and 
tefticle,  parts  endowed  with  very  keen 
feeling,  partake  more  of  the  fenfation 
than  any  other. 

By  how  many  injuries  applied  to  di- 
llant  parts,  is  the  ftomach  alFefted,  which 
is  perhaps  the  moft  fenfible  part  of  the 
fyftem  ? 


Inflamed 
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Inflamed  fores,  where  there  is  a  mor-« 
bid  degree  of  fenfibility,  are  excellent 
examples  of  the  fame  thing.  If  any  part 
near  fuch  a  fore  be  injured,  the  pain  is 
felt  more  acutely  in  the  fore  than  in  the 
other  neighbouring  parts 

But  it  is  likewife  a  faft,  that  when  any 
of  the  parts  in  the  neighbourhood  of  that 

on 


^  The  pain  in  afFedlions  of  the  liver  being  refer¬ 
red  to  the  ilioulder,  and  not  to  the  llomach,  the  more 
fenlible  neighbouring  part,  feems  an  exception  to 
the  general  rule.  But  it  appears  from  many  in- 
ftances,  that  thbfe  parts  are  moft  apt  to  fympathife, 
which  lie  nearly  in  the  fame  line  from  the  brain. 
This,  it  is  more  than  probable,  is  owing  to  fuch 
parts  being  fupplied  with  nerves  from  neighbouring 
parts  of  this  organ.  We  meet  with  idiofyncrafy  in 
this  as  in  other  fun^lions  of  the  fyftem.  I  Ihall  pre- 
feiitly  have  occalion  to  mention  an  inftance  of  this 
kind ;  many  others  might  be  adduced^ 
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©n  which  the  impreffioh  is  made,  is  a 
part  of  very  acute  feeling,  while  the  inju¬ 
red  p^rt  itfelf  is  one  of  comparatively 
dull  feeling,  the  fenfation  excited  in  the 
former  is  often  more  intenfe  than  that 
excited  in  the  latter. 

We  have  inftances  of  this  in  both  the 
cafes  juft  ftated  :  the  pain  excited  in  the 
fore  is  often  more  acute  than  that  exci¬ 
ted  in  the  injured  part,  •  in  its  neighbour¬ 
hood  ;  and  that  excited  in  the  urethra, 
glans  penis,  and  tefticle,  than  the  pain, 
felt  in  the  region  of  the  bladder.  When 
this  takes  place,  as  we  attend  to  the 
-ftronger  impreflion,  and  neglect  the 
weaker,  the  former  only  is  felt. 

In  all  fuch  cafes,  we  refer  the  fenfa- 
*tion  from  a  lefs  to  a  more  fenfible  part ; 
yet  it  is  not  at  all  times  wholly  confined 
t  to 
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to  the  latter  ;  for  when  we  attend  parti¬ 
cularly  to  the  feat  of  the  impreffion,  we 
generally  feel  a  fenfation  there,  as  well 
as  in  the  more  fenfible  diftant  part  ;  but 
one  fo  faint,  that  it  is  overlooked  while 
the  ftronger  fenfation  is  prefent,  except 
we  endeavour  to  perceive  it. 

All  that  is  here  faid  is  well  illuftra- 
ted  by  the  following  experiment,  which 
I  accidentally  hit  upon  feme  years  ago^ 
I  found,  that  by  roughly  irritating  the 
umbilicus,  a  part  endowed  with  very  dull 
fenfation,  I  could  excite  a  pain  at^  the 
end  of  the  urethra  As  the  irritation 
2  was 


^  I  mentioned  this  circumllance  to  a  gentleman  of 
my  acquaintance,  who,  on  pinching  the  umbilicus, 
felt  a  pain  along  a  great  part  of  the  urethra.  I  have 
mentioned  it  to  others,  who  experienced  no  fuch  ef¬ 
fect  from  irritating  this  part. 
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was  increafed^  this  pain  gradually  became 
very  acute.  There  was'  alfo  a  dull  fenfa- 
tion  of  general  pain  in  the  lower  belly, 
fimilarto  that  produced  when  the  tefticle 
is  flightly  injured,  which  remained  for 

V  * 

fome  time  after  the  irritation  was  with¬ 
drawn.  Having  made  the  experiment 
frequently  in  the  fpace  of  ten  or  twelve 
minutes,  I  may  obferve  by  the  bye,  a 
eonliderable  degree  of  fickhefs  at  flo- 
tnach'was  produced,  and  a  fenfation  I 
cannot  well  defcribe  ;  which  was  fo 
difagreeable,  that  I  have  not  fince  pre¬ 
vailed  on  myfelf  to  repeat  this  experi¬ 
ment. 

I  conftantly  obferved,  in  -making  it, 
that  when  the  pain  at  the  end  of  the 
urethra  was  confiderable,  the  irritation 
was  not  felt  at  the  umbilicus,  although  I 

I  could 
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could  always  perceive  it,  by  bending  my 
attention  to  this  part. 

Upon  the  whole,  then,  we  find,  that 
the  fenfation  is  not  always  confined  to, 
the  part  on  which  the  impreffion  is  made ; 
that  it  is  felt  in  furrounding  parts,  with 
various  degrees  of  intenfity,  generally 
proportioned  to  their  degrees  of  fenfibi- 
lity  ;  and  that  it  is  fometimes  more  acute 
in  the  more  fenfible  neighbouring  parts, 
than  in  that  to  which  the  injury  is  ap¬ 
plied. 


But  it  has  been  fliewn,  that  the  imme¬ 
diate  caufe  of  every  fenfation  exifts,  not 
in  the  part  to  which  it  is  referred,  but  inj 
the  fenforium  commune ;  and  that  the^ 
fenfation  is  referred  to  the  former,  by  ex¬ 
perience  alone. 


2 


Comparing 


I 
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Comparing  thefe  fa£ts,  the  conclufion 
is  unavoidable,  that  the  phenomena, 
which  are  laid  to  depend  on  the  fympa- 
thy  of  nerves,  as  far  as  relates  to  l;hofe 
inftances  in  which  fenfation  only  is  con¬ 
cerned,  proceed  from  certain  changes  in¬ 
duced  on  the  fenforium  commune,  and 
depending  on  the  two  following  circum- 
ftances ;  namely,  different  parts  of  the 
fenforium  being  endowed  with  different 
degrees  of  fenfibility,  and  a  change  occa- 
fioned  in  one  part  being  capable  of  in¬ 
ducing  a  fimilar  change  in  fome  other  ; 
the  fenfations  caufed  by  fuch  changes, 
being  each  referred  to  its  correfponding 
part  of  the  body,  in  the  manner  above 
explained. 

The  application  of  the  principles  juft 
laid  down,  to  explain  particular  cafes,  in 
which  the  phenomena  in  queftion  take 

I  2  place, 


I 
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place,  is  in  general  fo  evident,  that  it  re- 

Ik 

quires  no  illuflration.  I  fliall  confider  the 
only  inftance  in  which  it  is  not  fo.  One 
I  have  already  had  occafion  to  mention, 
in  which  we  refer  the  fenfation  to  a  part 
that  is  feparated  from  the  body ;  and  I 
fhall  take  as  an  example  of  this,  a  perfon 
complaining  of  a  pain  in  the  toes,  after 
the  leg  has  been  amputated. 

Provided  certain  caufes,  capable  of  gi¬ 
ving  us  a  fenfation,  which  we  have  been 
accuftomed  to  refer  to  a  certain  part  of 
the  body,  Hill  continue  to  a£fc,  the  fen- 
fatioii  will  be  referred  thither,  whether 
the  part  itfelf  exifts  or  not,  till  a  new  ex¬ 
perience  overcome  the  former,  and  teach 
us  not  to  refer  any  fenfation  to  a  part  that 
is  now  loft. 

It  is  evident  from  what  has  been  faid, 

that 


9 
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that  after  the  amputation  of  a  limb,  there 
Hill  may  exift  in  the  body,  caufes  capable 
of  giving  us  fenfations  which  we  have 
been  accuftomed  to  refer  to  this  limb ; 
for  we  have  been  accuftomed  to  refer  to 
it,  not  only  fenfations  from  impreflions 
made  on  the  limb  itfelf,  but  thofe  from 
impreflions  made  on  parts  in  its  neigh¬ 
bourhood.  The  pain  excited  by  the  irri- 
tation-at  the  end  of  the  ftump,  therefore, 
is  referred  to  that  part  of  the  limb  we 
have  loft,  as  well  as  to  the  part  which  re¬ 
mains. 


But  it  has  been  fliewn,  that  of  the  parts 
in  the  neighbourhood  of  that  on  which 
the  impreflion  is  made,  thofe  partake 
moft  of  the  fenfation  which  are  endowed 
with  the  keeneft  feeling.  Of  all  the  parts 
of  the  inferior  extremities,  the  toes  are. 
the  moft  fenfible  :  on  this  account  the 

I  3  '  injury 
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injury  done  to  the  limb  is  felt  more  fe*^ 
verely  in  them  than  in  any  other  part 
of  it. 

None  of  us  would  be  furprifed  to  find 
a  perfon  complaining  of  a  pain  in  the 
toes,  from  a  wound  in  any  part  of  the 
leg,  while  it  ftill  ^remains  attached  to  the 
body ;  yet,  if  the  fa6ls  which  have  been 
ftated  be  juft,  (and  that  they  are  fo  can¬ 
not,  I  believe,  be  queftioned),  the  pain,  in 
both  cafes,  is  referred  to  the  toes,  for 
precifely  the  fame  reafon 

With 


*  Speaking  of  a  certain  hypothefis.  Dr,  Darwin 
obferves,  in'^the  3d  fedion  of  his  Zoonomia,  There 
is  another  objeftion,  that  at  firft  view  would  feem 
lefs  eafy  to  furmount.  After  the  amputation  of  a 
foot  or  a  finger,  it  has  frequently  happened,  that  aji 
injury  being  oftered  to  the  flump  of  the  amputated 

limb  j 
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With  regard  to  the  cafes  referred  to 
fympathy  of  nerves,  in  which  motion  is 
the  refult,  it  may  be  obferved,  we  every 
hour  fee  the  fenforium  affefted  by  im-/ 
preflions  made  on  the  nerves ;  and  the 
confequence  motion  in  various  parts 

'  of 


limb,  whether  from  cold,  too  great  preffure,  or 
other  accidents,  the  patient  has  complained  of  a 
fenfation  of  pain  in  the  foot  or  finger  that  was  cut 
off.  Does  not  this  evince  that  all  our  ideas  are  ex- 
cited  in  the  brain,  and  not  in  the  organs  of  fenfe  ? 

I 

This  obje6lion  is  anfwered  by  obferving,  that  our 
ideas  of  the  fhape,  place,  and  folidity  of  our  limbs, 
are  acquired  by  our  organs  of  touch  and  fight, 
which  are  fituated  in  our  fingers  and  eyes,  and 
not  by  any  fenfations  in  the  limb  itfelf.” 

But  how  are  fenfations  from  imprefilons  made  on 
the  Hump  alfociated  with  any  idea  of  the  fingers  or 
toes  ?  Such  fenfations  have  been  alfociated  with  the 

I  4  idea 
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of  the  body,  univerfally  afcribed  to  the 
change  produced  in  this  part  of  the  fyf- 
tem.  But  why  do  we  feledl  certain  mo« 
tions,  fneezing,  vomiting,  &c.  excited 
by  fimilar  impreffions,  and  alledge  that 
they  depend  on  other  laws  ?  Becaufe  the 
2  latter 


idea  of  that  part  at  which  the  limb  was  amputated. 
Dr.  Darwin  obferves,  indeed,  in  the  next  paragraph. 
In  this  cafe  the  pain  or  fenfation,  which  formerly 
‘‘  has  arifen  in  the  foot  or  toes,  and  been  propaga- 
ted  along  the  nerves  to  the  central  part  of  the 
‘‘  fenforium,  was  at  the  fame  time  accompanied  with 
**  a  vihble  idea  of  the  lliape  and  place,  and  with 
f‘  a  tangible  idea  of  the  folidity  of  the  affe£led  limb: 
now,  when  thefe  nerves  are  afterwards  affeded  by 
any  injury  done  to  the  remaining  flump  with  a  fi- 
milar  degree  or  kind  of  pain,  the  ideas  of  the  fli^pe, 
place,  or  folidity  of  the  lofl  limb,  return  by  aflb- 
ciation  j  as  thefe  ideas  belong  to  the  organs  of 

figh|: 
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latter  motions  are  involuntary.  They 
are  not  wholly  fo,  however ;  both  vomit¬ 
ing  and  fneezing  can  often  for  a  certain 
time  be  interrupted  by  the  will,  Ber- 
|ldes,  they  are  frequently  interrupted, 

and 


fight  and  touch  on  which  they  were  lirft  exci^ 
ted.” 

No  farther  fuppofition  would  feem  requifite,  were 
it  afcertained,  that  after  a  leg  is  cut  off,  the  irrita-^ 
tion  at  the  end  of  the  flump  is  applied  to  the  trunks 
of  thofe  nerves  only  that  terminated  in  the  part  of 
which  the  patient  complains,  chiefly  the  toes.  But 
we  know  that  the  irritation  is  applied  to  the  cut  ends 
pf  all  the  nerves  which  went  to  any  part  of  the  am¬ 
putated  limb ;  fo  that,  were  Dr.  Darwin’s  explana¬ 
tion  juft,  not  the  idea  of  the  toes  only,  but  that 
equally  of  every  part  of  the  limb,  fliould  be  affo- 
ciated  with  the  pain  at  the  end  of  the  flump. 
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and  vomiting  even  produced,  by  a  ftrong 
afFedion  of  the  mind.  And  are  there 
not  other  motions  generally  admitted  to 
depend  on  an  afFedion  of  the  fenforium 
commune,  which  have  the  fame  right  to 
be  referred  to  the  fympathy  of  nerves  ? 
Tickling  the  lides,  or  foies  of  the  feet, 
excites  violent  and  completely  involun¬ 
tary  motions.  Yawning  too,  and  many 
other  limilar  motions,  might  be  adduced 
as  inftances  of  the  fame  kind. 

But  laying  this  mode  of  reafoning  a- 
fide,  if  it  be  granted,  that  the  motions 
which  have  been  referred  to  fympathy 
of  nerves  are  not  independent  of  the  fen- 
fations  which  precede  them,  (and  no 
body,  I  believe,  will  alFert  that  they  are), 
it  is  a  corollary  from  what  was  faid  of 
the  cafes  of  fympathy,  in  which  fenfa- 
tion  is  the  refult,  that  thefe  motions  pro¬ 
ceed 


♦  ■  9 

ceed  from  affedions  of  the  fenforium 

I 

commulie.' 

Dr.  Monro,  who  has  paid  more  atten- 
«  % 

tion  to  this  fubjeft  than  moft  other  au^ 
thors,  was  led,  by  many  obfervations,  to 
this  conclufion,  That,  in  general,  the 
nerves  of  the  body  fympathife,  not  from 
their  connexion  in  their  progrefs,  but 
from  their  connexion  at  their  origin.” 

I  would  only  go  a  ftep  farther,  and  fay, 
that  the  nerves  always  fympathife  from 
their  conneition  at  their  origin ;  which'" 
is  the  fame  as  faying,  that  no  fuch  thing 

as  the  fympathy  of  nerves  exifts,  and 

/ 

that  all  the  phenomena,  which  have 
been  referred  to  this  fuppofed  law,  de¬ 
pend  on  affedlions  of  the  fenforium  com¬ 
mune. 

I 


But 
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.But  granting  (it  may  be  faid)  that  the 
immediate  caufe  of  all  thefe  phenomena 
.  exifts  in  the  fenforium  commune,  if  it 
be  found  that  thofe  parts  are  moft  apt 
to  fympathife,  between  which  there  is 
the  moft  evident  connexion  of  nerves, 
the  connexion  of  nerves  muft  be  re¬ 
garded  as  a  mediate  caufe  of  the  phe¬ 
nomena  in  queftion.  But  how  flight, 
in  many  inftances,  is  this  connection  be¬ 
tween  parts  which  fympathife  moft  ? 
And  where  do  we  find  it  fo  evident  as 
between  parts  which  very  rarely  fympa¬ 
thife  ?  What  part,  then,  do  the  nerves 
aCl  in  the  production  of  thefe  pheno¬ 
mena  ?  No  other  than  they  aft  in  the 
produftion  of  all  phenomena  in  which 
they  are  concerned,  that  of  convey¬ 
ing  impreflions  to  the  fenforium,  or 
of  conveying  a  fomewhat  (to  ufe  Dr. 

Monro’s 
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Monro’s  expreffion,  in  the  prefent  ftate 
of  our  knowledge  the  beft  perhaps,  Ve 

can  ufe)  from  the  fenforium  to  the  muf- 

/ 

cles  of  voluntary  motion. 

* 
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EXPERIMENTS,  made  with  a  view  to  de¬ 
termine  the  manner  in  which  Tobacco  adfs 
:0n  the  hiving  Animal  Body. 


The  following  Experiments  may  be 
deemed  an  ufeful  addition  to  this  Paper, 
becaufe  they  both  tend  to  confirm  the 
refults  of  thofe  which  have  been  related, 
and  to  eftablifli  fome  points  concerning 

the 
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V 

the  adlion  of  tobacco  on  the  living  ani« 
mal  body* * 

4. 

The  folution  which  was  ufed  in  thefh 
experiments  was  prepared  by  expofing 
two  ounces  of  tobacco  with  fix  ounces 
of  water,  in  a  phial  carefully  corked,  to  a 
temperature  of  90^*  ’  for  twenty-four 
hours  It  was  then  filtered,  and  near 
fix  ounces  of  a  ftrong  folution  obtained, 
which  appeared  black  in  a  common  two» 
ounce  phiaL  '  - 

A  few  drops  of  this  folution  were  in« 

jefted 


I  p~.  i.r,-.  ..I  ...—I-  -  '  d,  »  '1-  I  I  iT  I  M.. 

*  This  mixture  was  expofed  to  the  temperature 
mentioned  for  twenty-four  hours  only,  as  the  a6tive 
parts  of  tobacco  are  readily  extradled  by  water,  and 
I  had  found,  from  a  former  trial,  that  it  is  very 
apt  to  become  putrid  at  fo  high  a  temperature* 


V 
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jefted  into  the  heart  in  four  frogs,  through 
a  hole  made  iii  the  auricle.  The  heart 

r 

inftantly  becanle  paralytic,  and  the  ani- 
rrials  were  feized  with  the  moll  violent 
trembling,  and  a  complete  lofs  of  fenfe 
ahd  motion  in  the  eyes  arid  fore-limb?  t 
in  fome,  the  head  was  drawn  back  ;  and 
in  all,  every  joint  of  the  hinder-limbs 
was  cotivulfively  bent  to  the  utmoft; 
juft  the  Contrary  of  what  happens  in 
the  extremities,  when  a  folution  of  opi- 

f 

titn  is  injedted  in  the  fame  manner. 

The  frog,  I  had  found  from  another 
experiment,  is  affected  precifely  in  this 
Way  when  the  cranium  is  perforated,  and 
the  folution  immediately  applied  to  the 

I  I 

brain, 

\ 

After  fecuring  the  aorta  in  other  four 

» 

frogs,  a  few  drops  of  the  fame  folution 

K  i  were  ■ 
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were  injeded  into  the  heart,  through  a 
hole  made  in  the  auricle^  It  was  in- 
llantly  deprived  of  motion ;  but,  with 
an  exception  I  am  about  to  take  no¬ 
tice  of,  the  other  fymptoms,  obferved 
in  the  laft  experiment,  did  not  fuper- 
vene. 

No  trembling  nor  fpafmodic  contrac¬ 
tions  of  the  mufcles  took  place  ;  the  frogs 
continued  to  move  their  fore-limbs  and 
eyes,'  as  long,  and,  in  fliort,  died  in  pre- 
cifely  the  fame  way,  as  frogs  do  that  die 
in  confequence  of  the  heart  being  cut 
out.  In  one  of  them,  which  was  very 
large,  the  eyes  moved  when  irritated  for 

about  two  hours. 

*  \ 

In  the  firfl:  frog  ufed  in  this  experi¬ 
ment,  a  circumftance  occurred,  which 
at  iirfl:  appeared  quite  unaccountable. 

Its 
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Its  eyes  gradually  loft  their  fenfibility, 
till,  in  the  fpace  of  about  ten  minutes, 
they  could  not  by  any  irritation  be  ex¬ 
cited  to  motion.  This,  however,  they 
gradually  recovered  and  preferved,  as  has 
been  mentioned.  While  the  eyes  were 
thus  affeded,  the  fore-limbs  alfo  were  to 
a  confiderable  degree  deprived  of  motion, 
which  they  too  recovered. 

Thefe  fymptoms  I  could  only  attribute 
to  a  little  of  the  folution  remaining  on 
my  fingers,  and  the  inftrument  employ¬ 
ed  in  opening  the  thorax,  which  might 
have  been  conveyed  to  the  mafs  of  blood, 

and  through  this  medium  applied  to  the 

/ 

brain,  before  the  aorta. was  fecured.  That 
this  conjecture  was  juft,  appears  from 
what  happened  to  the  other  three  frogs 
ufed  in  this  experiment. 


-K  2 


Having 


(  ) 

Having  repeatedly  waflied  my  hands 
and  the  inftrument  with  cold  water,  be¬ 
fore  I  handled  the  next  frog,  very  little 
of  this  affedion  was  obferved  in  it ;  and 
as  it  was  sdlowed  to  lie  about  ten  mi¬ 
nutes  after  fecuring  the  aorta,  the  affec¬ 
tion  was  at  its  height  before  the  folution 
was  injeded  into  the  heart,  by  which  it 
was  not  in  the  leaft  increafed.  It  gra¬ 
dually  went  off,  as  in  the  former  cafe* 

Before  touching  the  third  frog  ufed 
in  this  experiment,  I  wafhed  my  hands 
and  the  inftrument  with  warm  water  and 
foap,  which  entirely  prevented  any  affec¬ 
tion,  either  of  the  eyes  or  fore-limbs,  in 
it.  Neither  did  this  occur  in  the  laft 
frog  on  which  the  experiment  was  made, 
when  I  had  not  been  previoufly  handling 
the  folution. 


I 


(  H9  ) 

s 

i  take  notice  of  thefe  circumflances, 
becaufe  they  not  only  fliew,  how  fmall  a 
quantity  of  tobacco  is  capable  of  affect¬ 
ing  this  animal,  and  how  readily  it  is  re¬ 
ceived  into  the  mafs  of  blood,  but  alfo 
Xuggefl  a  neceffary  precaution  in  making 
f^ch  experiments. 

'The  ftate  of  the  mufcles  after  death 
was  not  examined  in  the  firft  frog  ufed 
in  thefe  experiments  ^  in  the  other  feven, 
they  contradled  readily,  on  wounding  the 
nerves  which  terminate  in  them,  except 
in  one,  which  was  very  young,  and 
which  had  lain  dead  a  confiderable  time 
before  the  ftate  of  its  mufcles  was  exa- 
miiijed. 

.  Left  it  fliould  be  faid,  that  interrupt¬ 
ing  the  circulation  in  the  latter  experi¬ 
ment  prevented  the  tobacco  producing 
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the  effeds  obferved  in  the  former^  the 
following  was  made. 

After  fecuring  the  aorta  by  ligature, 
and  permitting  the  blood  to  efcape,  by 
wounding  the  auricle  in  three  frogs,  and 
cutting  out  the  heart  of  a  fourth,  the  cra¬ 
nium  of  each  was  perforated,  and  as  much 
of  the  folution  as  pollible  applied  to  the 
brain. 

They  were  all  immediately  feized  with 
the  moli:  violent  trembling  ;  their  fore¬ 
limbs  became  paralytic,  and  their  eyes 
fixed  precifely  as  happened  when  the  fo¬ 
lution  of  tobacco  was  thrown  into  the 
heart,  without  previoufly  fecuring  the 
aorta.  Their  limbs  contraded  readily  af¬ 
ter  death,  on  ftimulating  the  nerves  that 
go  to  them. 
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When  a  tube,  containing  a  folution  of 
tobacco,  is  forced  along  the  fpinal  marrow, 
the  hinder-limbs  are  inftantly  rendered  pa¬ 
ralytic,  as  the  fore  ones  are  when  the  fo- 
iutioii  is  applied  to  that  part  of  the  brain 
which  is  lodged  within  the  cranium ;  for 
fome  of  Dr.  Monro’s  obfervations,  as  well 
as  this  experiment  prove,  that  at  leaft 
part  of  that  portion  of  the  brain  which 
fupplies  the  hinder-limbs  in  the  frog,  is 
lodged  in  the  fpine. 

K  4  ;  The 


*  This  experiment,  compared  with  the  following, 
alfo  proves  another  circumftance,  that  a  much  larger 
proportion  of  tobacco,  when  it  is  received  into  the  fyf- 
tefh  by  means  of  the  abforbents,  is  fent  to  the  brain, 
than  to  the  fpinal  marrow.  This  indeed  we  might,  a 
priori,  have  expefled  from  the  great  quantity  of  blood 
fent  to  the  former* 
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The  following  experiment  was  made^ 
to  fliew  the  comparative  effedts  of  tobac*^ 
CO,  applied  to  the  interfines  of  the  entire 
frog,  and  to  thofe  of  the  fame  animal 
with  the  heart  cut  out ;  where  it  ”can 
only  ad!  through  the  medium  of  the 
nerves  of  the  part  to  which  it  is  diredlly 
applied. 

The  firfl:  pair  of  frogs  on  which  the 
experiment  was  made,  were  young,  and 
very  nearly  of  the  fame  fize  :  they  were 
equally  vigorous.  Into  the  inteftines  of 
the  larger,  without  removing  the  heart, 
twenty-eight  drops  of  the  folution  were 
injeeShed,  the  greater  part  of  which  was 
returned. 

This  frog  was  npt  examined  till  forty- 
t\vo  niinutes  after  the  injedtion  of  the  fo-r 
lution ;  it  was  then  found  without  any 
2.  fign 
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fign  of  life,  except  that,  on  fuddenly  let^ 
ting  fall  the  hinder  Jimbs,  they  were  feized 
with  a  trembling  motion,  which  lafted 
a  few  feconds.  No  motion  -  could  be  ex¬ 
cited  in  the  eyes,  and  the  fore-limlbs  were 
quite  paralytic, 

> 

j  The  heart  of  the  other  frog  was  remo^ 
yed,  ancl  twenty-two  ^dr ops  of  the  fame 
folution  inje(51ed  into  the  inteftines,  very 
little  of  which  was  returned.  '  This  frog 
was  affetSted  with' no  trembling.'  It  moved 
its  eyes,  \vhd:n  diey  w^ere  irritated,  feventyv 
three  minutes  after  the  injedlion  pf  the 
folution,  and  retained  the  motion  of  the 
fore-limbs,  as  long  as  that  of  the  hinder 
ones.  .  ■ 

> 

•On  irritating  the  nerves  after  death, 
the  mufcles  contraded  readily  in  both 
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thefe  frogs.  More  of  the  folution  was 
found  in  the  latter  than  in  the  former. 

The  fecond  pair  were  alfo  young  :  they 

Ik 

were  of  the  fame  fize,  and  equally  vi¬ 
gorous. 

Into  the  inteftines  of  the  firft,  without 

:removing  the  heart,  twenty-three  drops 

of  the  fame  folution  were  injedled ;  the 

half  at  leaft  was  returned.  Twenty-two 

minutes  after  the  injection  of  the  folu- 

* 

tioii,  this  frog  was  found  in  cx:a£lly  the 
fame  fituation  in  which  the  firft  of  the 
laft  pair  was  found  at  the  expiration  of 
forty-two  minutes.  After  removing  the 
heart  of  the  other,  twenty-three  drops 
were  thrown  into  its  inteftines ;  fifty-eight 
minutes  after  the  folution  was  injedled,  it 
moved  its  eyes  when  they  were  irritated. 
It  died  in  the  fame  manner  as  the  fecond 

of 
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of  the  former  pair-  The  irritability  of 
the  mufcles  in  both  remained  after . 
death. 

-  •  r  . 

'•  •  .  *  4  .  * 

* 

Third  pair.  The  rcftilt  of  this  expe- 

r 

riment  in  all  refpeds  refembled  that  of 
the  laft. 

The  fourth  pair  were  full  grown,  and 
equal  in  fize  and  vigour.  The  refult  of 
this  experiment  was  again  fimilar  to  that 
of 'the  foregoing.  The  entire  frog  foon 
became  affefted  with  violent  trembling. 
Fourteen  minutes  after  the  tnjedioit  of 
the  folution,  no  motion  could  be  excited 
in  the  eyes,  and  the  fore-limbs  were  pa¬ 
ralytic.  The  other  died  as  the  fecond  of 
the  other  pairs  did.  It  moved  its  eyesr 
eighty-nine  minutes  after  the  folution  was 
injected. 
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As  a  large  quantity  (50  drops)  was 
thrown  into  each  of  thefe  frogs,  the  in- 
teftine  gave  way ;  fo  that  the  folution  got 
into  the  cavity  of  the  abdomen ;  and  in 
the  latter,  part  of  it  efcaped  by  the  open¬ 
ing  at  which  the  heart  was  extracted.  Con- 
* 

tradions  were  readily  excited  in  the  muf- 

eles  of  both  after  death. 

/ 

The  fifth  pair  were  likewife  full  grown, 
and  both  Uncommonly  large.  The  one 
whofe  heart  was  cut  out  was  rather  fmallcr 

-i  ■  • 

thto  the  other.  They  were  equally  vi¬ 
gorous.,  Sixty-four  drops  of  the  folution 
•were  injedled  into  the  inteftines  of  each 
of  them ;  which  in  this  cafe  alfo  were 
ruptured  in  both  frogs.  None  of  the  fo¬ 
lution,  however,  was  returned  by  the 
Opening  made  for  extracting  the  heart. 
In  fix  minutes  the  fore-limbs  of  the  en¬ 
tire  frog  were  paralytic,  and  no  motion 

could 
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could  be  excited  by  irritating  its  eyes ; 
the  hinder-limbs  were  afFeded  with  very 
violent  trembling,  arid  at  times  with' 
ftrong  fpafms,  refembling  thofe  induced 
by  opium.  I  have  obferved  this  in  a 

I 

lefs  degree  in  other  inftances,  when  to¬ 
bacco  was  thrown  into  the  inteftines  of 
the  entire  frog.  The  mufcles  of  the 
hinder-limbs  of  this  frog  were  found,  af¬ 
ter  death,  aliriofl:  quite  void  of  irritabi¬ 
lity. 

As  for  the  other,  it  retained  all  its 
motions  for  fifty-tree  minutes  after  the 
folution  was  injefted ;  thofe  of  the  fore¬ 
limbs  as  perfeftly  as  thofe  of  the  hinder 
ones :  its  eyes  moved,  when  irritated,^ 
nineteen  minutes  longer ;  and  its  muC- 
cles  contradled  after  death  with  unufual 
force. 

AU 
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All  th€  frogs  ufed  in  this  experiment 
became  languid  foon  after  the  injedion 
of  the  folution.  In  eight  or  ten  mi-^ 
nutes,  however,  they  were  confiderably 
lefs  fo ;  precifely  as  happened  in  a  fimilar 
experiment  made  with  opium. 

Whether  the  heart  be  previoufly  re¬ 
moved  or  not,  flight  convulfive  twitch- 
ings  (chiefly  on  the  back)  are  foinetimes 
obferved  immediately  after  injeding  a 
ftrong  folution  of  tobacco  into  the  fto- 
mach  and  inteftines,  or  cavity  of  the  ab¬ 
domen,  of  a  frog,  refembling  thofe  which 
often  take  place  in  the  human  body, 
when  a  violent  topical  irritation  is  pre- 
fent.  They  are  only  to  be  perceived  for 
a  minute  or  two  after  the  injedion  of  the 
folution. 

From  the  foregoing  experiments  with 
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tobacco,  then,  it  appears,  that  the  fymp- 
toms  which  it  produces,  when  thrown 
into  the  heart,  are  the  fame  with  thofe 
excited  by  its  immediate  application  to 
the  brain :  that  thefe  fymptoms,  when 
the  tobacco  is  exhibited  in  the  former 
way,  proceed  from  no  aftion  of  the  to¬ 
bacco  on  the  nerves  of  the  heart,  but 
from  its  being  conveyed  through  the 
aorta,  and  immediately  applied  to  the 
brain ;  fince  they  do  not  follow  its 
injeftion  into  the  heart,  when  the  aorta 
is  previoufly  fecured  by  ligature,  al¬ 
though  it  was  found,  that  interrupting 
the  circulation  does  not  unfit  the  nervous 
fyflem  from  undergoing  the  change  ne- 
ceffary  for  the  produftion  of  fuch  fymp¬ 
toms.  It  alfo  appears  from  thefe  experi¬ 
ments,  that  tobacco  produces  the  fame 
effects,  though  more  flowly,  when  thrown 
into  the  flomach  and  inteftines,  as  when 

thrown 
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thrcTw^n  into  the  heart ;  that  in  the  for¬ 
mer  cafe,  as  in  the  latter,  they  are  ftill 
to  be  afcribed  to  the  tobacco  being  re¬ 
ceived  into  the  fanguiferous  fyftem,  aiid 
immediately  applied  to  the  brain ;  and 
that  the  effeds  of  this  drug,  when  it  ads 
merely  ori  the  nerves  of  the  part  to  which 
it  is  applied,' do  not  efTentially  differ  from 
thofe  of  any  ftrong  topical  irritation.  It 
may  alfb  be  colleded  from  thefe  experi¬ 
ment^,  that  the  pretence  of  tobacco  in 
the  fyftem,  like  that  of  opium,  only  af- 
feds  the  irritability  of  the  mitfcles  of  vo¬ 
luntary  motion,  when  it  produces  con- 
vulfions  in  them ;  ii  e,  when  it  is  applied 
in  confiderable  quantity  to  the  brain.  It 
appears,  therefore,  that  the  modus  ope- 
randi  of  tobacco  on  the  living  animal  body 
is  in  every  inftance  analogous  to  that  of 
opium. 
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^  May' not  poifons,  in  general,  be  divi- 
tied  into  two  clafles  :  The  firft  comprer 
blending  thofe  which,  applied  to  the 
fentient  extremities  of  the  nerves,  pro¬ 
duce  effeds  on  the  fyftem  in  general,:  , not 
effentially  different  from  the  effeds  of 
mechanical  irritation ;  but  which  feem 
incapable  of  any  other  adion  through 
the  medium  of  the  nerves,  although  ap- 
applied  to  them  after  laceration  ;  their  ef? 
feds  on  the  fyftem,  wheninfufed  into  a 
wound,  differing  only  in  degree  from  thofe 
produced  •  by  ihjeding  them  into  any  of 
the  cavities  of  the -body  ;  fuch  are  opi¬ 
um,  tobacco,  ^and , a  great  variety  of  other 
poifonous, 'drugs  :  The  fecond  clafs  com- 
-prehending  the  poifons  which  feem  lefs 
>  apt  to  affed  the  fentient  extremities 
of  the  nerves  in  the  found  ftate,  but, 
applied  to  lacerated  nerves,  produce 
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’  through  them  efFeds  eflentially  dif¬ 
ferent  from  thofe  of  mere  topical  irri¬ 
tation  ;  fuch  are  the  poifon  of  the  vi¬ 
per,  that  of  mbit  animals j  and  feme 
others  ? 


